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AMENDMENT AND RESPONSE TO OFFICE ACTION 



Commissioner for Patents 

P.O. Box 1450 

Alexandria, VA 22313-1450 

Dear Sir: 

In response to the Office Action mailed from the United States Patent and Trademark 
Office on June 25, 2004, Applicants submit the following amendments and remarks. 

Amendments to the Specification begin on page 2 of this paper. 

Amendments to the Claims are reflected in the listing of claims which begins on page 4 
of this paper. 

Deletion of Inventors begins on page 8 of this paper. 
Remarks begin on page 9 of this paper. 
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AMENDMENTS TO THE SPECIFICATION 

Please amend paragraph [04351, beginning at page 117, as follows: 

When a positive colony was isolated, a portion of it was picked by a 
toothpick and diluted into sterile water (30 pi) in a 96 well plate. At this time, the 
positive colonies were either frozen and stored for subsequent analysis or 
immediately amplified. An aliquot of cells (5 ul) was used as a template for the 
PCR reaction in a 25 pi volume containing: 0.5 pi Klontaq KLENTAO (a 5'-exo 
minus N-terminal deletion of Tag DNA polymerase available from Clontecb. Palo 
Alto, CA); 4.0 pi 10 mM dNTP's (Perkin Elmer-Cetus); 2.5 ul Kontaq 
KLENTAO b uffer (Clontech); 0.25 pi forward oligo 1; 0.25 pi reverse oligo 2; 
12.5 pi distilled water. The sequence of the forward oligonucleotide 1 was: 

Please amend paragraph [0441], on page 119, as follows: 

Following the PCR, an aliquot of the reaction (5 pi) was examined by 
agarose gel electrophoresis in a 1% agarose gel using a Tris-Borate-EDTA (TBE) 
buffering system as described by Sambrook et al., supra . Clones resulting in a 
single strong PCR product larger than 400 bp were further analyzed by DNA 
sequencing after purification with a 96 Qiaquick OIAOUICK PCR clean-up 
column (Qiagen Inc., Chatsworth, CA) 

Please amend paragraph [0475], beginning on page 129 as follows: 

Twelve micrograms of the desired plasmid DNA is introduced into 
approximately 10 million CHO cells using commercially available transfection 
reagents Suporfocf™ (Quiagon) SUPERFECT™ (Oiaeenl . dospor™ DOSPER™ or 
fug e no™ FUGENE™ (Boehringer Mannheim). The cells are grown as described 
in Lucas et al., supra . Approximately 3 x 10" 7 cells are frozen in an ampule for 
further growth and production as described below. 
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Please amend paragraph [0489] beginning on page 131 as follows: 

Recombinant baculovirus is generated by co-transfecting the above 
plasmid and BaculoGold ™ R ACT nX)GOLD™ virus DNA (Pharmingen) into 
Spodoptera frugiperda ("Sf9") cells (ATCC CRL 1711) using lipofoctin 
LIPOFECTIN cationic lipid (commercially available from GIBCO-BRL). After 4 
- 5 days of incubation at 58°C, the released viruses are harvested and used for 
further amplifications. Viral infection and protein expression are performed as 
described by OReilley et aL, Baculovirus expression vectors: A Laboratory 
Manual. Oxford: Oxford University Press (1994). 
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AMENDMENTS TO THE CLAIMS 



1. (Currently amended) An isolated polypeptide having at least 80% amino acid 
sequence identity to: 

(a) the amino acid sequence of the polypeptide shown in Figur e 72 ( of SEQ ID 
NO:72); 

(b) the amino acid sequence of the polypeptide shown in Figur e 72 ( of SEP ID 
NO:72), lacking its associated signal peptide; or 

(c) th e amino acid sequenc e of the extrac e llular domain of tho polypeptide shown in 
Figure 72 (SEQ ID NO:72); 

(d) th e amino acid s e quenc e of tho e xtrac e llular domain of th e polypeptide shown in 

Figure 72 (SEQ ID NO:72), lacking its associated signal peptide; or 

(e) the amino acid sequence of the polypeptide encoded by the full-length coding 

sequence of the cDNA deposited under ATCC accession number 203 112; 

wherein said isolated polypeptide is more highly expressed in normal stomach tissue or 
kidney tumor tissue compared to stomach tumor or normal kidney tissue, respectively, or wherein 
said isolated polypeptide is encoded by a polynucleotide that is more highly expressed in normal 
stomach tissue or kidney tumor tissue compared to stomach tumor or normal kidney tissue, 
respectively , 

2. (Currently amended) The isolated polypeptide of Claim 1 having at least 85% 
amino acid sequence identity to: 

(a) the amino acid sequence of the polypeptide shown in Figur e 72 ( of SEP ID 
NP:72); 

(b) the amino acid sequence of the polypeptide shown in Figure 72 ( of SEP ID 
NP:72), lacking its associated signal peptide;_or 

(c) th e amino acid s e quenc e of the e xtracellular domain of the polyp e ptide shown in 
Figure 72 (SEQ ID NP:72); 

(d) the amino acid sequence of th e e xtrac e llular domain of the polypeptide shown in 

Figure 72 (SEQ ID NP:72), lacking its associated signal peptide; or 

(e) the amino acid sequence of the polypeptide encoded by the full-length coding 

sequence of the cDNA deposited under ATCC accession number 2031 12; 
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wherein said isolated polypeptide is more highly expressed in normal stomach tissue or 
kidney tumor tissue compared to stomach tumor or normal kidney tissue, respectively, or wherein 
said isolated polypeptide is encoded by a polynucleotide that is more highly expressed in normal 
stomach tissue or kidney tumor tissue compared to stomach tumor or normal kidney tissue, 
respectively . 

3. (Currently amended) The isolated polypeptide of Claim 1 having at least 90% 
amino acid sequence identity to: 

(a) the amino acid sequence of the polypeptide shown in Figure 72 ( of SEP ID 
NO:72); 

(b) the amino acid sequence of the polypeptide shown in Figur e 72 ( of SEP ID 
NP:72), lacking its associated signal peptide; or 

(c) th e amino acid sequence of tho extracellular domain of the polypeptide shown in 
Figure 72 (SEQ ID NP:72); 

(d) the amino acid s e quence of the extracellular domain of the polyp e ptide shown in 

Figure 72 (SEQ ID NP:72), lacking its associat e d signal peptid e ; or 

(e) the amino acid sequence of the polypeptide encoded by the full-length coding 

sequence of the cDNA deposited under ATCC accession number 2031 12; 

wherein said isolated polypeptide is more highly expressed in normal stomach tissue or 
kidney tumor tissue compared to stomach tumor or normal kidney tissue, respectively, or wherein 
said isolated polypeptide is encoded by a polynucleotide that is more highly expressed in normal 
stomach tissue or kidney tumor tissue compared to stomach tumor or normal kidney tissue, 
respectively . 

4. (Currently amended) The isolated polypeptide of Claim 1 having at least 95% 
amino acid sequence identity to: 

(a) the amino acid sequence of the polypeptide s hown in Figure 72 (o f SEP ID 



(b) the amino acid sequence of the polypeptide shown in Figure 72 (o f SEP ID 
NP:72), lacking its associated signal peptide; or 

(c) the amino acid s e quence of the e xtracellular domain of the polypeptid e shown in 
Figure 72 (SEQ ID NP:72); 



NP:72); 
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(d) th e amino acid sequence of tho e xtracellular domain of the polypeptid e shown in 

Figur e 72 (SEQ ID NO:72), lacking its associated signal peptide; or 

(e) the amino acid sequence of the polypeptide encoded by the full-length coding 

sequence of the cDNA deposited under ATCC accession number 2031 12; 

wherein said isolated polypeptide is more highly expressed in normal stomach tissue or 
kidney tumor tissue compared to stomach tumor or normal kidney tissue, respectively, or wherein 
said isolated polypeptide is encoded bv a polynucleotide that is more highly expressed in normal 
stomach tissue or kidney tumor tissue compared to stomach tumor or normal kidney tissue* 
respectively . 

5. (Currently amended) The isolated polypeptide of Claim 1 having at least 99% 
amino acid sequence identity to: 

(a) the amino acid sequence of the polypeptide shown in Figure 72 ( of SEP ID 



(b) the amino acid sequence of the polypeptide shown in Figure 72 ( of SEP ID 
NP:72), lacking its associated signal peptide: or 

(c) th e amino acid sequence of the extracellular domain of tho polypeptide shown in 
Figure 72 (SEQ ID NO:72); 

(d) th e amino acid sequence of the e xtracellular domain of th e polypeptide shown in 

Figure 72 (SEQ ID NP:72), lacking its associated signal peptide; or 

(e) the amino acid sequence of the polypeptide encoded by the full-length coding 

sequence of the cDNA deposited under ATCC accession number 203 1 12; 

wherein said isolated polypeptide is more highly expressed in normal stomach tissue or 
kidney tumor tissue compared to stomach tumor or normal kidney tissue, respectively, or wherein 
said isolated polypeptide is encoded by a polynucleotide that is more highly expressed in normal 
stomach tissue or kidney tumor tissue compared to stomach tumor or normal kidney tissue, 
respectively . 

6. (Currently amended) An isolated polypeptide comprising: 

(a) the amino acid sequence of the polypeptide shown in Figure 72 ( of SEP ID 



(b) the amino acid sequence of the polypeptide shown in Figur e 72 ( of SEP ID 
NP:72), lacking its associated signal peptide: or 



NP:72); 



NP:72); 



-6- 



o o 

Appl.No. : 10/063,581 

Filed : May 3, 2002 

(c) th e amino acid sequ e nc e of tho extrac e llular domain of the polypeptide shown in 
Figure 72 (SEQ ID NO:72); 

(d) th e amino acid sequence of the e xtrac e llular domain of th e polyp e ptid e shown in 

Figure 72 (SEQ ID NO:72), lacking its associat e d signal peptide; or 

(e) the amino acid sequence of the polypeptide encoded by the full-length coding 

sequence of the cDNA deposited under ATCC accession number 2031 12. 

7. (Currently amended) The isolated polypeptide of Claim 6 comprising the amino 
acid sequence of the polypeptide shown in Figur e 72 ( of SEQ ID NO:72). 

8. (Currently amended) The isolated polypeptide of Claim 6 comprising the amino 
acid sequence of the polypeptide shown in Figur e 72 ( of SEP ID NO:72), lacking its associated 
signal peptide. 

9. (Cancelled) 

10. (Cancelled) 

11. (Original) The isolated polypeptide of Claim 6 comprising the amino acid 
sequence of the polypeptide encoded by the full-length coding sequence of the cDNA deposited 
under ATCC accession number 203 112. 

12. (Original) A chimeric polypeptide comprising a polypeptide according to 
Claim 1 fused to a heterologous polypeptide. 

13. (Original) The chimeric polypeptide of Claim 12, wherein said heterologous 
polypeptide is an epitope tag or an Fc region of an immunoglobulin. 
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DELETION OF INVENTORS 

Please correct the inventorship under 37 CFR § 1.48(b) by removing the following 
inventors from the present application: 



Dan L. Eaton, Ellen Filvaroff, Mary E. Gerritsen, and Colin K. Watanabe. 
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REMARKS 



Upon entry of the foregoing amendments to the specification, the specification has been 
amended to capitalize trademarks. No new matter has been added by the amendments to the 
specification. 

Also, upon entry of the foregoing claim amendments, Claims 1-8 and 11-13 are pending. 
Claims 1-8 have been amended to remove reference to the Figures. Claims 1-6 have been 
amended to remove reference to the "extracellular domains." Applicants have cancelled Claims 
9 and 10 without prejudice to, or disclaimer of, the subject matter contained therein. Applicants 
maintain that the cancellation of a claim makes no admission as to its patentability and reserve 
the right to pursue the subject matter of the cancelled claim in this or any other patent 
application. Claims 1-5 have been amended to add the limitation that the claimed polypeptides 
are more highly expressed in normal stomach tissue or kidney tumor tissue compared to stomach 
tumor or normal kidney tissue, respectively, or wherein said isolated polypeptide is encoded by a 
polynucleotide that is more highly expressed in normal stomach tissue or kidney tumor tissue 
compared to stomach tumor or normal kidney tissue, respectively. Applicants maintain that the 
amendments add no new matter and are fully supported by the specification as originally filed. 
For example, support for the amendments to Claims 1-5 can be found in Example 18 beginning 
at paragraph [0529], as well as paragraph [0336] of the specification. 

Applicants respond below to the specific rejections raised by the PTO in the Office 
Action mailed June 25, 2004. For the reasons set forth below, Applicants respectfully traverse. 

Correction of Inventorship under 37 CFR S1.48fb) 

Applicant requests that several inventors be deleted, as these inventors' inventions are no 
longer being claimed in the present application as a result of prosecution. The fee as set forth in 
§ 1.1 7(i) is submitted herewith. 

Priority Determination 

Applicants acknowledge that the PTO has granted the present application the priority date 
of August 24, 2000. Applicants note that the sequences of SEQ ID NOs: 71 and 72 were first 
disclosed as SEQ ID NOs: 1 and 2 in U.S. Provisional Application 60/096,757, filed August 17, 
1998. 
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Specification 

The disclosure was objected to by the PTO as containing trademarks which were not 
capitalized and did not include the generic terminology. The specification has been amended to 
include these changes. 

Rejection under 35 U.S.C. $101 - Utility 

The Examiner rejects Claims 1-13 because allegedly the claimed polypeptides are not 
supported by a specific and substantial asserted utility or a well established utility. 

Applicants respectfully disagree and submit that for the reasons stated below, the claimed 
polypeptides have a credible, substantial, and specific utility. 

Utility Guidelines 

According to the Utility Examination Guidelines ("Utility Guidelines"), 66 Fed. Reg. 
1092 (2001) an invention complies with the utility requirement of 35 U.S.C. § 101, if it has at 
least one asserted "specific, substantial, and credible utility" or a "well-established utility." A 
utility is "specific" when it is particular to the subject matter claimed. For example, it is 
generally not enough to state that a nucleic acid is useful as a diagnostic without also identifying 
the condition that is to be diagnosed. 

The requirement of "substantially utility" defines a "real world" use, and derives from the 
Supreme Court's holding in Brenner v. Manson y 383 U.S. 519, 534 (1966) stating that "The basic 
quid pro quo contemplated by the Constitution and the Congress for granting a patent monopoly 
is the benefit derived by the public from an invention with substantial utility." In explaining the 
"substantial utility" standard, M.P.E.P. 2107.01 cautions, however, that Office personnel must be 
careful not to interpret the phrase "immediate benefit to the public" or similar formulations used 
in certain court decisions to mean that products or services based on the claimed invention must 
be "currently available" to the public in order to satisfy the utility requirement. "Rather, any 
reasonable use that an applicant has identified for the invention that can be viewed as providing 
a public benefit should be accepted as sufficient, at least with regard to defining a 'substantial' 
utility." (M.P.E.P. 2107.01, emphasis added.) 
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Indeed, the Guidelines for Examination of Applications for Compliance with the Utility 
Requirement, set forth in M.P.E.P., 2107 11(B)(1) gives the following instruction to patent 
examiners: "If the (Applicant has asserted that the claimed invention is useful for any particular 
practical purpose ... and the assertion would be considered credible by a person of ordinary skill 
in the art, do not impose a rejection based on lack of utility." 

Finally, the Utility Guidelines restate the Patent Office's long established position that 
any asserted utility has to be "credible." "Credibility is assessed from the perspective of one of 
ordinary skill in the art in view of the disclosure and any other evidence of record ... that is 
probative of the Applicant's assertions." (M.P.E.P. 2107 n(B)(l)(ii)). Such standard is 
presumptively satisfied unless the logic underlying the assertion is seriously flawed, or if the 
facts upon which the assertion is based are inconsistent with the logic underlying the assertion 
(Revised Interim Utility Guidelines Training Materials, 1999). 

The evidentiary standard to be used throughout ex parte examination in setting forth a 
rejection is a preponderance of the totality of the evidence under consideration. In re Oetiker, 
977 F.2d 1443, 1445, 24 USPQ2d 1443, 1444 (Fed. Cir. 1992). Thus, to overcome the 
presumption of truth based on an assertion of utility by the Applicant, the Examiner must 
establish that it is more likely than not that one of ordinary skill in the art would doubt the truth 
of the statement of utility. Absolute predictability is not a requirement. Only after the 
Examiner has made a proper prima facie showing of lack of utility, does the burden of rebuttal 
shift to the applicant. The issue will then be decided on the totality of evidence. 

Credible, Specific and Substantial Utility 

Applicants have established that the Gene Encoding the PRQ1287 Polvveptide is Differentially 
Expressed in Certain Cancers compared to Normal Tissue and is Useful as a Diagnostic Tool 

The specification does disclose a credible, specific and substantial utility for the claimed 
polypeptides, which would be recognized by one of ordinary skill in the art. Example 18 shows 
that the nucleic acids encoding the PR01287 polypeptide is more highly expressed in normal 
stomach tissue and kidney tumor tissue compared to stomach tumor tissue and normal kidney 
tissue, respectively. This data showing the differential expression between cancerous and non 
cancerous tissues demonstrates diagnostic utility for the gene, the claimed polypeptides, and the 
antibodies which bind the polypeptides. 
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In support of the above-described utility as a credible and substantial utility, Applicants 
submit herewith as Exhibit 1 a first Declaration of J. Christopher Grimaldi, an expert in the field 
of cancer biology. The first Declaration of J. Christopher Grimaldi describes the techniques used 
to measure the levels of nucleic acids encoding PRO 1287 in normal stomach and kidney tumor 
tissue and in stomach tumor and normal kidney tissue. As stated in Paragraph 6 of the first 
Declaration of J. Christopher Grimaldi, "Using the widely accepted technique of PGR, it was 
determined whether the polynucleotides tested were more highly expressed, less expressed, or 
whether expression remained the same in tumor tissue as compared to its normal counterpart. 
Because this technique relies on the visual detection of ethidium bromide staining of PCR 
products on agarose gels, it is reasonable to assume that any detectable differences seen between 
two samples will represent at least a two fold difference in cDNA." In Paragraph 7 of the first 
Declaration, Mr. Grimaldi further states that if a difference in mRNA levels is detected, "this 
indicates that the gene and its corresponding polypeptide and antibodies against the polypeptide 
are useful for diagnostic purposes, to screen samples to differentiate between normal and tumor." 
Applicants submit that such uses for the gene, the claimed polypeptides, and the corresponding 
antibodies, are credible and substantial. 

A pplicants have Established that the Accepted Understanding in the Art is that there is a Direct 
Correlation between Comparative mRNA Levels and the Level of Expression of the Encoded 
Protein in Normal versus Cancerous Tissue 

As stated above, the standard for utility is not absolute certainty, but rather whether one 
of skill in the art would be more likely than not to believe the asserted utility. The working 
hypothesis among those skilled in the art is that there is a direct correlation between mRNA 
levels and protein levels. 

Applicants submit herewith a copy of a second Declaration by J. Christopher Grimaldi, an 
expert in the field of cancer biology (attached as Exhibit 2). This declaration was submitted in 
connection with the related co-pending and co-owned application Serial No. 10/063,557. As 
stated in paragraph 5 of the declaration, "[t]hose who work in this field are well aware that in the 
vast majority of cases, when a gene is over-expressed. ..the gene product or polypeptide will also 
be over-expressed.... This same principal applies to gene under-expression." Further, "the 
detection of increased mRNA expression is expected to result in increased polypeptide 
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expression, and the detection of decreased mRNA expression is expected to result in decreased 
polypeptide expression. The detection of increased or decreased polypeptide expression can be 
used for cancer diagnosis and treatment." The references cited in the declaration and submitted 
herewith support this statement. 

Applicants also submit herewith a copy of the declaration of Paul Polakis, Ph.D. (attached 
as Exhibit 3), an expert in the field of cancer biology, originally submitted in a related and co- 
owned patent application Serial No. 10/032,996. As stated in paragraph 6 of his declaration: 

Based on my own experience accumulated in more than 20 years of research, 
including the data discussed in paragraphs 4 and 5 above [showing a positive 
correlation between mRNA levels and encoded protein levels in the vast majority 
of cases] and my knowledge of the relevant scientific literature, it is my 
considered scientific opinion that for human genes, an increased level of mRNA 
in a tumor cell relative to a normal cell typically correlates to a similar increase in 
abundance of the encoded protein in the tumor cell relative to the normal cell. In 
fact, it remains a central dogma in molecular biology that increased mRNA levels 
are predictive of corresponding increased levels of the encoded protein, 
(Emphasis added). 

Dr. Polakis acknowledges that there are published cases where such a correlation does not exist, 
but states that it is his opinion that "such reports are exceptions to the commonly understood 
general rule that increased mRNA levels are predictive of corresponding increased levels of the 
encoded protein." (Polakis Declaration, paragraph 6). 

Having compared the levels of mRNA and protein in both the tumor and normal cells 
analyzed, Dr. Polakis and his colleagues have found a very good correlation between mRNA and 
correspond ing protein levels . Specifically, in approximately 80% of their observations they have 
found that increases in the level of a particular mRNA correlates with changes in the level of 
protein expressed from that mRNA. While the proper legal standard is to show that the existence 
of correlation between mRNA and polypeptide levels is more likely than not, the showing of 
approximately 80% correlation for the molecules tested in the Polakis Declaration greatly 
exceeds this legal standard. Based on these experimental data and his vast scientific experience 
of more than 20 years, Dr. Polakis states that, for human genes, increased mRNA levels typically 
correlate with an increase in abundance of the encoded protein. He further confirms that "it 
remains a central dogma in molecular biology that increased mRNA levels are predictive of 
corresponding increased levels of the encoded protein." 
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Additional references support this position. For example, Orntoft et al. (submitted 
herewith as Exhibit 4) studied transcript levels of 5600 genes in malignant bladder cancers which 
were linked to a gain/loss of chromosomal material using an array-based method. Orntoft et al. 
showed that there was a gene dosage effect and teach that "in general (18 of 23 cases) 
chromosomal areas with more than 2-fold gain of DNA showed a corresponding increase in 
mRNA transcripts" (see column 1, abstract). In addition, Hyman et al. (submitted herewith as 
Exhibit 5) showed, using CGH analysis and cDNA microarrays to compare DNA copy numbers 
and mRNA expression of over 12,000 genes in breast cancer tumors and cell lines, that there is 
"evidence of a prominent global influence of copy number changes on gene expression levels" 
(see page 6244, column 1, last paragraph). Additional supportive teachings are also provided by 
Pollack et al. (submitted herewith as Exhibit 6) who studied a series of primary human breast 
tumors and found that "...62% of highly amplified genes show moderately or highly elevated 
expression, that DNA copy number influences gene expression across a wide range of DNA copy 
number alterations (deletion, low-, mid- and high-level amplification), that on average, a 2-fold 
change in DNA copy number is associated with a corresponding 1.5-fold change in mRNA 
levels" (see column 1, abstract). Thus, these articles collectively teach that in general, there is a 
correlation between gene expression and mRNA expression. 

Taken together, despite some teachings in the art of certain genes that do not fit within 
this paradigm which are exceptions rather than the rule, in the vast majority of cases , the 
combined teachings in the art, exemplified by Orntoft et al., Hyman et al. and Pollack et al. and 
the Grimaldi and Polakis declarations, overwhelmingly teach that gene expression influences 
mRNA expression and protein levels. Thus, one of skill in the art would reasonably expect, in 
this instance, based on the gene expression data for the PR01287 gene, that the PR01287 protein 
is concomitantly over-expressed in normal stomach tissue compared to stomach tumor tissue, 
and in kidney tumor tissue compared to normal kidney tissue. Thus, Applicants further submit 
that the PRO 1287 protein and the antibodies against this protein have utility in the diagnosis of 
cancer and based on such a utility, one of skill in the art would know exactly how to use these 



molecules. 
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The Claimed Polypeptide would have Diagnostic Utility even if there is no Positive Correlation 
between Gene Expression and Expression of the Encoded Polypeptide 

Even assuming arguendo that there is no direct correlation between gene expression and 
protein expression for PRO 1287, which Applicants submit is not true, a polypeptide encoded by 
a gene that is differentially expressed in cancer would still have a credible, specific and 
substantial utility. 

In paragraph 6 of the Grimaldi Declaration, Exhibit 2, Mr. Grimaldi explains that: 

However, even in the rare case where the protein expression does not correlate 
with the mRNA expression, this still provides significant information useful for 
cancer diagnosis and treatment. For example, if over- or under-expression of a 
gene product does not correlate with over- or under-expression of mRNA in 
certain tumor types but does so in others, then identification of both gene 
expression and protein expression enables more accurate tumor classification and 
hence better determination of suitable therapy. 

This conclusion is echoed in the Declaration of Avi Ashkenazi, Ph.D. (attached as 
Exhibit 7), an expert in the field of cancer biology. This declaration was previously submitted in 
connection with co-pending application Serial No. 09/903,925. Applicants submit that 
simultaneous testing of gene expression and gene product expression enables more accurate 
tumor classification, even if there is no positive correlation between the two. This leads to better 
determination of a suitable therapy. 

This is further supported by the teachings in the article by Hanna and Mornin, submitted 
herewith (attached as Exhibit 8). The article teaches that the HER-2/neu gene has been shown to 
be amplified and/or over-expressed in 10%-30% of invasive breast cancers and in 40-60% of 
intraductal breast carcinoma. Further, the article teaches that diagnosis of breast cancer includes 
testing both the amplification of the HER-2/neu gene (by FISH) as well as the over-expression of 
the HER-2/neu gene product (by IHC). Even when the protein is not over-expressed, the assay 
relying on both tests leads to a more accurate classification of the cancer and a more effective 
treatment of it. 

Applicants have established that it is the general, accepted understanding in the art that 
there is a positive correlation between gene expression and protein expression. However, even 
when this is not the case, a polypeptide encoded by a gene that is differentially expressed in 
cancer would still have utility. Thus, Applicants have demonstrated another basis for supporting 
the asserted utility for the claimed polypeptides. 
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Specific Utility 

Applicants assert that the above-discussed credible and substantial utilities are specific to 
the claimed PR01287 peptides. 

Specific Utility is defined as utility which is "specific to the subject matter claimed," in 
contrast to "a general utility that would be applicable to the broad class of the invention." 
M.P.E.P. § 2107.01 I. Applicants submit that the evidence of differential expression of the 
PRO 1287 gene in certain types of cancer cells, along with the declarations discussed above, 
provide a specific utility for the claimed polypeptides. 

As discussed above, there are significant data which show that the gene encoding the 
PR01287 polypeptide is more highly expressed in normal stomach and kidney tumor tissue 
compared to stomach tumor and normal kidney tissue. These data are strong evidence that the 
PRO 1287 polypeptide is associated with stomach and kidney cancer. Thus, contrary to the 
assertions of the PTO, Applicants submit that they have provided evidence associating the 
PR01287 polypeptide with a specific disease. This is a specific utility - it is not a general utility 
that would apply to polypeptides/proteins generally. 

Conclusion 

First, the Applicants provide a declaration stating that the data in Example 18 reporting 
higher expression of the PR01287 gene in normal stomach and kidney tumor tissue compared to 
stomach tumor and normal kidney tissue, are real and significant. This declaration also indicates 
the data provide sufficient comparative and relative expression information and that given the 
relative difference in expression levels, the claimed polypeptides have utility as cancer diagnostic 
tools. 

Next, Applicants have presented the declarations of two experts in the field along with 
supporting references which establish that the general, accepted view of those of skill in the art is 
that there is a direct correlation between mRNA levels and the encoded protein levels. Thus, one 
of skill in the art would find that it is more likely than not that the claimed polypeptide has utility 
as a diagnostic tool for cancer. 

Applicants have also presented the declarations of two experts in the field, along with 
supporting references, which establish that even in the anomalous case where there is no positive 
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correlation between gene expression and expression of the encoded protein, the simultaneous 
monitoring of both is useful for diagnosis and further classification of the cancer. 

Finally, Applicants have pointed out that the substantial utilities described above are 
specific to the claimed polypeptides because PR01287 is differentially expressed in certain 
cancer tissue compared to the corresponding normal tissue. This is not a general utility that 
would apply to the broad class of polypeptides. 

As discussed below, Applicants provide herewith several expert opinions supporting the 
utility of the present invention. Applicants submit that one of ordinary skill in the art would have 
no legitimate basis to doubt the credibility of the statements made by Mr. Grimaldi, Dr. Polakis 
and Dr. Ashkenazi and must treat as true the statements made by these experts. Applicants 
remind the Examiner that "Office personnel must accept an opinion from a qualified expert that 
is based upon relevant facts whose accuracy is not being questioned; it is improper to disregard 
the opinion solely because of a disagreement over the significance or meaning of the facts 
offered." PTO Utility Examination Guidelines (2001). 

Thus, given the totality of the evidence provided, Applicants submit that they have 
established a substantial, specific, and credible utility for the claimed polypeptides as a 
diagnostic agent. According to the PTO Utility Examination Guidelines (2001), irrefutable proof 
of a claimed utility is not required. Rather, a specific, substantial, and credible utility requires 
only a "reasonable" confirmation of a real world context of use. Applicants submit that they 
have established that it is more likely than not that one of skill in the art would reasonably accept 
the utility for the claimed polypeptides set forth in the specification. Applicants believe that they 
have met their burden of establishing a specific and substantial credible utility for the claimed 
invention. Accordingly, Applicants respectfully request that the rejection under 35 U.S.C. §101 
be withdrawn. 

In view of the above, Applicants respectfully request that the PTO reconsider and 
withdraw the utility rejection under 35 U.S.C. §101. 

Rejections under 35 U.S.C. 8 112, second paragraph 

The Examiner has rejected Claims 1-6 and 10 under 35 U.S.C. § 1 12, second paragraph, 
as being indefinite. The Examiner objects arguing that the phrase "extracellular domain ... 



-17- 



o 



o 



AppL No. 
Filed 



10/063,581 
May 3, 2002 



lacking its associated signal peptide" is indefinite as a signal sequence is not generally considered 
to be part of an extracellular domain. 

As mentioned above, Claims 1-6 have been amended to remove reference to 
"extracellular domain." The instant rejection is moot in view of the amended claims. Therefore, 
reconsideration and withdrawal of the rejection under § 1 12, second paragraph. 

Rejections under 35 U.S.C. S 112. first paragraph - Enablement 

The Examiner rejected Claims 1-13 under 35 U.S.C. § 1 12, first paragraph. According to 
the Examiner, because the claimed invention is not supported by either a substantial asserted 
utility or a well established utility, on of skill in the art would not know how to use the invention. 
The Examiner also argues that the specification does not reasonably provide enablement for the 
identity variants of the PR01287 polypeptide, noting that there is no functional limitation in the 
claims. 

Applicants submit that in the discussion of the 35 U.S.C. § 101 rejection above, 
Applicants have established a substantial, specific, and credible utility for the claimed 
polypeptides. Specifically, the claimed polypeptides have utility in the diagnosis of the specific 
diseases, stomach and kidney cancer. Also, as set forth above, Claims 1-5 have been amended to 
recite the functional limitation "wherein said isolated polypeptide is more highly expressed in 
normal stomach tissue or kidney tumor tissue compared to stomach tumor or normal kidney 
tissue, respectively, or wherein said isolated polypeptide is encoded by a polynucleotide that is 
more highly expressed in normal stomach tissue or kidney tumor tissue compared to stomach 
tumor or normal kidney tissue, respectively." Thus, the specification teaches how to make and 
use the claimed subject matter. Specifically, the specification describes how to make the claimed 
polypeptides and how to assay for the claimed function in the variant polypeptides. Based upon 
that teaching and the above-established utility for the claimed subject matter, one skilled in the 
art would know how to make and use the claimed subject matter. 

Applicants therefore request that the Examiner reconsider and withdraw the enablement 
rejection under 35 U.S.C. § 1 12, first paragraph, based on a lack of utility. 
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Rejections under 35 U.S.C. S 112, first paragraph - Written Description 

The Examiner asserts that Claims 1-5 and 12-13 contain subject matter which was not 
described in the specification in such a way as to reasonably convey to one skilled in the relevant 
art that the inventors, at the time the application was filed, had possession of the claimed 
invention. In particular, the Examiner asserts that the percent identity claims "do not require that 
the encoded polypeptide possess any particular biological activity, nor any particular conserved 
structure, or other disclosed distinguishing feature." Therefore, according to the Examiner, "the 
claims are drawn to a genus of polypeptides that is defined only by sequence identity." 

Applicants have amended the claims to provide that the claimed polypeptides are "more 
highly expressed in normal stomach tissue or kidney tumor tissue compared to stomach tumor or 
normal kidney tissue, respectively, or wherein said isolated polypeptide is encoded by a 
polynucleotide that is more highly expressed in normal stomach tissue or kidney tumor tissue 
compared to stomach tumor or normal kidney tissue, respectively." Accordingly, Applicants 
maintain that the claims recite sufficient distinguishing characteristics for the claimed genus of 
polypeptides. Based on the detailed description of the cloning and expression of variants of 
PR01287 in the specification, the description of the gene expression assay, the actual reduction 
to practice of sequences SEQ ID NOs: 71 and 72, and the functional recitation in the instant 
claims, Applicants submit that one of skill in the art would recognize that Applicants possessed 
the invention as claimed in the instant claims. Hence, Applicants respectfully request that the 
PTO reconsider and withdraw the written description rejection under 35 U.S.C. §112. 

Rejections under 35 U.S.C, S 102(a) - Anticipation 

The Examiner also rejects Claim 1 as anticipated under 35 U.S.C. § 102(a) by Osada et 
al (NCBI Accession No. BAB03554, August 1, 2000) (hereinafter Osada). The Examiner 
argues that Osada discloses a polypeptide that is 97% identical to residues 1-453 of SEQ ID 
NO:72, and 83% identical to the full sequence of SEQ ID NO:72. Applicants respectfully assert 
that Osada does not anticipate any of the claims for the reasons set forth below. 

Osada, discloses only the amino acid sequence, but no information regarding the function 
or utility of the disclosed peptide. Therefore, Osada does not anticipate Claim 1, because Claim 
1 is entitled to an earlier priority date, specifically August 17, 1998. As discussed above, 
Applicants claim priority to US Provisional Application 60/096,757, filed August 17, 1998. The 
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sequences of SEQ ID NOs: 71 and 72 were first disclosed in Figures 1 and 2 (SEQ ID NOs:l-2), 
respectively, of that priority provisional application. As the August 17, 1998 date precedes the 
date of Osada, August 1, 2000, Applicants have shown possession of the claimed sequence prior 
to Osada. 

The well-established "Stempel Doctrine" stands for the proposition that a patent applicant 
can effectively swear back of and remove a cited prior art reference by showing that he or she 
made that portion of the claimed invention that is disclosed in the prior art reference. (In re 
Stempel 113 USPQ 77 (CCPA 1957)). In other words, a patent applicant need not demonstrate 
that he or she made the entire claimed invention in order to remove a cited prior art reference. 
He or she need only demonstrate prior possession of that portion of his or her claimed invention 
that is disclosed in the prior art reference and nothing more. 

The Stempel Doctrine was extended to cases where a reference disclosed the claimed 
compound but failed to disclose a sufficient utility for it in In re Moore, 170 USPQ 260 (CCPA 
1971). More specifically, the patent applicant (Moore) claimed a specific chemical compound 
called PFDC. In support of a rejection of the claim under 35 U.S.C. § 102, the Examiner cited a 
reference which disclosed the claimed PFDC compound, but did not disclose a utility for that 
compound. Applicant Moore filed a declaration under 37 C.F.R. § 1.131 demonstrating that he 
had made the PFDC compound before the effective date of the cited prior art reference, even 
though he had not vet established a utility for that compound . The lower court found the 131 
declaration ineffective to swear back of and remove the cited reference, reasoning that since 
Moore had not established a utility for the PFDC compound prior to the effective date of the 
cited prior art reference, he had not yet completed his "invention". 

On appeal, however, the CCPA reversed the lower court decision and indicated that the 
131 declaration filed by Moore was sufficient to remove the cited reference. The CCPA relied 
on the established Stempel Doctrine to support its decision, stating: 

An applicant need not be required to show [in a declaration under 37 C.F.R. § 
1.131] any more acts with regard to the subject matter claimed that can be carried 
out by one of ordinary skill in the pertinent art following the description 
contained in the reference.... the determination of a practical utility when one is 
not obvious need not have been accomplished prior to the date of a reference 
unless the reference also teaches how to use the compound it describes. (Id. at 
267, emphasis added). 
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Thus, In re Moore confirms the Stempel Doctrine, holding that in order to effectively 
remove a cited reference with a declaration under 37 C.F.R. § 1.131, an applicant need only show 
that portion of his or her claimed invention that appears in the cited reference. Moreover, In re 
Moore stands for the proposition that when a cited reference discloses a claimed chemical 
compound either absent a utility or with a utility that is different from the one appearing in the 
claims at issue, a patent applicant can effectively swear back of that reference by simply showing 
prior possession of the claimed chemical compound. In other words, under this scenario, the 
patent applicant need not demonstrate that he or she had discovered a patentable utility for the 
claimed chemical compound prior to the effective date of the prior art reference. 

While these cases discuss the ability to effectively swear back of the cited reference by 
way of a 131 declaration, Applicants submit that the same reasoning applies here, where the 
application claims priority back to a disclosure that predates the cited references. Osada 
discloses an amino acid sequence with some identity to SEQ ED NO:72. Osada discloses 
sequence information, but no function or utility information. Thus, Osada discloses nothing 
more than a sequence with some identity to SEQ ID NO:72. Applicants demonstrated, by means 
of the disclosure in their provisional application filed August 17, 1998, that they were in 
possession of so much of the claimed invention, i.e. SEQ ID NO:72, as disclosed in the Osada 
reference dated August 1, 2000. Thus, Applicants respectfully submit that the cited reference is 
not available as prior art, and request that the rejection under 35 USC §102 be withdrawn. 

Even if Osada were available as prior art, it does not anticipate Claim 1. To anticipate 
under 35 U.S.C. § 102, "the reference must also enable one of skill in the art to make and use the 
claimed invention." Bristol-Myers Squibb Co. v. Ben Venue Labs., Inc., 246 F.3d 1368, 1374 
(Fed. Cir. 2001). As discussed above, Osada discloses only an amino acid sequence with 83% 
identity to SEQ ID NO:72. This disclosure in no way enables one to use the isolated polypeptide 
of Claim 1 because it provides no utility or functional information. Thus, even if Osada were 
available as prior art, which it is not, it does not anticipate the claimed invention. Applicants 
therefore respectfully request that the rejection under 35 USC § 102(a) be withdrawn. 

Rejections under 35 U.S.C. 8 103ra) - Obviousness 

The Examiner also rejects Claims 12-13 as being obvious under 35 U.S.C. § 103(a) over 
Osada in view of U.S. Patent No. 5,639,597 (the c 597 patent). According to the Examiner, 
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Osada does not teach chimeric polypeptides as recited in Claims 12 and 13. However, the 
Examiner argues that the. '597 patent teaches fusion proteins according to Claims 12-13. 
Applicants respectfully assert that Osada does not make any of the claims obvious for the reasons 
set forth below. 

As discussed above, Osada is not available as prior art against the claimed invention 
under § 102, and therefore is not prior art under § 103. As discussed above in the response to the 
rejection under 35 U.S.C. § 102(a), Applicants are entitled to priority to U.S. Provisional 
Application No. 60/096,757, filed August 17, 1998, which application disclosed at least as much 
of the claimed subject matter as Osada. The provisional application includes the disclosure of 
the full length sequence of SEQ ID NOS: 71 and 72. As the August 17, 1998 date precedes the 
date of Osada, August 1, 2000, Applicants have shown possession of the claimed subject matter 
prior to Osada. Thus, Applicants respectfully submit that Osada is not available as prior art, and 
request that the rejections under 35 USC § 103(a) be withdrawn. 



The present application is believed to be in condition for allowance, and an early action to 
that effect is respectfully solicited. Applicants invite the Examiner to call the undersigned if any 
issues may be resolved by telephone. 

Please charge any additional fees, including any fees for additional extension of time, or 
credit overpayment to Deposit Account No. 1 1-1410. 



Conclusion 



Respectfully submitted, 



KNOBBE, MARTENS, OLSON & BEAR, LLP 





Marc T. Morley 
Registration No. 52,051 
Attorney of Record 
Customer No. 30,313 
(619) 235-8550 
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DECLARATION OF J, CHRISTOPHER GREMALDI. UNDER 37 CFR §1,132 

Commissioner for Patents 

P.O. Box 1450 

Alexandria, VA 223 1 3-1450 



1. J. Christopher Grimaldi, declare and state as follows: 

L I am a Senior Research Associate in the Molecular Biology Department of 
Genentech, Inc., South San Francisco, CA 94080. 

2. My scientific Curriculum Vitae, including my list of publications, is attached to 
and forms part of this Declaration (Exhibit A). 

3. I joined Genentech in January of 1999. From 1999 to 2003, 1 directed the Cloning 
Laboratory in the Molecular Biology Department. During this time I directed or performed 
numerous molecular biology techniques including semi-quantitative Polymerase Chain Reaction 
(PCR) analyses. I am currently involved, among other projects, in the isolation of genes coding 
for membrane associated proteins which can be used as targets for antibody therapeutics against 
cancer. In connection with the above-identified patent application, I personally performed or 
directed the semi-quantitative PCR gene expression analyses in the assay entitled "Tumor Versus 
Normal Differential Tissue Expression Distribution," which is described in EXAMPLE 18 in. the 
specification. These studies were used to identify differences in gene expression between tumor 
tissue and their normal counterparts. 

4. EXAMPLE 18 reports the results of the PCR analyses conducted as part of the 
investigating of several newly discovered DNA sequences. This process included developing 
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primers and analyzing expression of the DNA sequences of interest in normal and tumor tissues. 
The analyses were designed to determine whether a difference exists between gene expression. in 
normal tissues as compared to tumor in the same tissue type. 

5. The DNA libraries used in the gene expression studies were made from pooled 
samples of normal and of tumor tissues. Data from pooled samples is more likely to be accurate 
than data obtained from a sample from a single individual. That is, the detection of variations in 
gene expression is likely to represent a more generally relevant condition when pooled samples 
from normal tissues are compared with pooled samples from tumors in the same tissue type. 

6. In differential gene expression studies, one looks for genes whose expression levels 
differ significantly under different conditions, for example, in normal versus diseased tissue. 
Thus, I conducted a semi-quantitative analysis of the expression of the DNA sequences of 
interest in normal versus tumor tissues. Expression levels were graded according to a scale of +, - 
, and +/- to indicate the amount of the specific signal detected. Using the widely accepted 
technique of PCR, it was determined whether the polynucleotides tested were more highly 
expressed, less expressed, or whether expression remained the same in tumor tissue as compared 
to its normal counterpart. Because this technique relies on the visual detection of ethidium 
bromide staining of PCR products on agarose gels, it is reasonable to assume that any detectable 
differences seen between two samples will represent at least a two fold difference in cDNA. 

7. The results of the gene expression studies indicate that the genes of interest can be 
used to differentiate tumor from normal. The precise levels of gene expression are irrelevant; 
what matters is that there is a relative difference in expression between normal tissue and tumor 
tissue. The precise type of tumor is also irrelevant; again, the assay was designed to indicate 
whether a difference exists between normal tissue and tumor tissue of the same type. If a 
difference is detected, this indicates that the gene and its corresponding polypeptide and 
antibodies against the polypeptide are useful for diagnostic purposes, to screen samples to 
differentiate between normal and tumor. Additional studies can then be conducted if further 
information is desired. 

8. I hereby declare that all statements made herein of my own knowledge are true and 
that all statements made on information or belief are believed to be true, and further that these 
statements were made with the knowledge that willful false statements and the like so made are 
punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the United States 
Code and that such willful statements may jeopardize the validity of the application or any 
patent issued thereon. 

Bv: I 4. ^ ijMlfgj 

J Christopher Grimaldi 

S:\IX)CS\AOK\AOKfc59].DOa081004 
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DECLARATION OF J. CHRISTOPHER GMMALDL UNDER 37 C J JL § 1.132 

Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 

Dear Sir: 

I, J. Christopher Grimaldi, declare and say as follows: 

1 . lama Senior Research Associate in the Molecular Biology Department of 
Geneniech, Inc., South San Francisco, CA 94080. 

2. I joined Genentech in January of 1999. From 1999 to 2003, 1 directed the Cloning 
Laboratory in the Molecular Biology Department During this time I directed or performed 
numerous molecular biology techniques including qualitative Polymerase Chain Reaction (PCR) 
analyses. I am currently involved in, among other projects, the isolation of genes coding for 
membrane associated proteins which can be used as targets for antibody therapeutics against 
cancer. In connection with the above-identified patent application, I personally performed or 
directed the semi-quantitative PCR analyses in the assay entitled "Tumor Versus Normal 
Differential Tissue Expression Distribution" which is described in EXAMPLE 18 in the 
specification that were used to identify differences in gene expression between tumor tissue and 
their normal counterparts. 

3. My scientific Curriculum Vitae, including my list of publications, is attached to 
and forms part of this Declaration (Exhibit A). 

4. In differential gene expression studies, one looks for genes whose expression levels 
differ significantly under different conditions, for example, in normal versus diseased tissue. 
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ApptNo. : 10/063,5S7 

Filed : May 2, 2002 

Chromosomal aberrations, such as gene amplification, and chromosomal translocations are 
important markers of specific types of cancer and lead to the. aberrant expression of specific 
genes and their encoded polypeptides, including over-expression and under-expression. For 
example, gene amplification is a process in which specific regions of a chromosome are 
duplicated, thus creating multiple copies of certain genes that normally exist, as a single copy. 
Gene under-expression can Occur when a gene is not transcribed into mRNA. In addition* 
chromosomal translocations occur when two different chromosomes break and are rejoined to 
each other chromosome resulting in a chimeric chromosome. which displays a different expression 
pattern relative to the parent chromosomes, Amplification of certain genes such as Her2/Neu 
[Smgletoner id:, Pathol. Annu.,- 27Ptl:16S-190], or chromosomal translocations such a* t(5'14) 
[Grimaldi et aL, BI00J, 73(8):208 1-2085(1989); Meekerer a/., Blood, 76(2):285-289(1990)] , give* 
cancer cells a growth or survival advantage relative to normal cells, and might also provide a 
mechanism of tumor cell resistance to chemotherapy or radiotherapy. When the chromosomal 
aberration results in the aberrant expression of a mRNA and the corresponding gene product (the 
polypeptide), as it does in the aforementioned cases, the gene product is a promising target for 
cancer therapy, for example, by the therapeutic antibody approach. 

5. Comparison of gene expression levels in normal versus diseased tissue has 
important implications both diagnostically and therapeutically. For example, those who work in 
this field are well aware that in the vast majority of cases, when a gene is over-expressed, as 
evidenced by an increased production of mRNA, the gene product or polypeptide will also be 
over-expressed. It is unlikely that one identifies increased mRNA expression without associated 
mcreasedprotein expression. This same principle applies to gene under-expression. When a 
gene is under-expressed, the gene product is also likely to be under-expressed. Stated in another 
way, two cell samples which have differing mRNA concentrations for a specific gene are 
expected to have correspondingly different concentration of protein for that gene. Techniques 
used to detect mRNA, such as Northern Blotting, Differential Display, in situ hybridization, 
quantitative PCR, Taqman, and more recently Microarray technology all rely on the dogma that a 
change in mRNA will represent a similar change in protein. If this dogma did not hold true then 
these techniques would have little value and not be so widely used. The use of mRNA 
quantitation techniques have identified a seemingly endless number of genes which are 
differentially expressed in various tissues and these genes have subsequently been shown to have 
correspondingly similar changes in their protein levels. Thus, the detection of increased mRNA 
expression is expected to result in increased polypeptide expression, and the detection of 
decreased mRNA expression is expected to result in decreased polypeptide expression. The 
detection of increased or decreased polypeptide expression can be used for cancer diagnosis and 
treatment 

6. However, even in the rare case where the protein expression does not correlate 
with the mRNA expression, this still provides significant information useful for cancer diagnosis 
and treatment For example, if over- or under-expression of a gene product does not correlate 
with over- or under-expression of mRNA in certain tumor types but does so in others, then 
identification of. both gene expression and protein expression enables more accurate tumor 
classification and hence better determination of suitable therapy. In addition, absence of over- or 



AppLNo. 
Filed 



10/063,557 
May 2, 2002 



under-expression of the gene product in the presence of a particular over- or under-expression of 
mRNA is crucial information for the practicing clinician,. For example, if a gene is over-expressed 
but the corresponding gene product is not significantly over-expressed, the clinician accordingly 
will decide not to treat a patient with agents that target that gene product 

7: I hereby declare that all statements made herein of my own knowledge are true and 
that all statements made on information or belief are believed to be true, and further that 1 these 
statements were made with the knowledge that .willful false statements and the like so made are 
punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the United States 
Code and that such willful statements may jeopardize the validity of the application or any 
patent issued thereon. 



By: j / /^^T^ Date: ^1 l^}\^ c [ 

Christopher Grimaldi 
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isolating cancer specific genes for the tumor Antigen (TAP), and Secreted Tumor Protein 
(STOP) projects for the Oncology Department as well as Inununologically relevant genes for the 
Immunology Department Directed a lab of 6 scientists focused on a company-wide team effort 
to identify and isolate secreted proteins for potential therapeutic use (SPDI). For the SPDI project 
my duties were, among other things, the critically important coordination of the cloning of 
thousands of putative genes, by developing a smooth process of communication between the 
Bioinformatics, Cloning, Sequencing, and Legal teams. Collaborated with several groups to 
discover novel genes through the Curagen project, a unique differential display methodology. 
Interacted extensively with the Legal team providing essential date needed for filing patents on 
i^ovel genes discovered through the SPDI, TAP and Curagen projects. My group has developed, 
implemented and patented high throughput cloning methodologies that have proven to be 
essential for the isolation of hundreds of novel genes for the SPDI, TAP and Curagen projects as 
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Involved in gjtij^le projects^dbD^atrad^standin^ novel gpnes discovered t&ough 
bioinformatics studies and functional assays. Developed and patented a method for the specific 
depletion of eosinophils in vivo using monoclonal antibodies. Developed and implemented 
essential technical methodologies and provided strategic direction in the areas of expression, 
cloning, protein purification, general molecular biology, and monoclonal antibody production. 
Trained and supervised numerous technical staff. 

Facilities 

Manager Corixa, Redwood City; 5/89 - 7/91. 

Directed plant-related activities, which included expansion planning, maintenance, safety, 
purchasing, inventory control, shipping and receiving, and laboratory management Designed 
and implemented the safety program. Also served as liaison to regulatory agencies at the local, 
state and federal level. Was in charge of property leases, leasehold improvements, etc. 
Negotiated vendor contracts and directed the purchasing department Trained and supervised 
personnel to carry out the above-mentioned duties. 
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SRA University of California, San Francisco 

Cancer Research Institute; 2/87-4/89. 

Was responsible for numerous cloning projects including: studies of somatic hypermutation, 
studies of AIDS-associated lymphomas, and cloning of t(5;14), t(H;14), and t(8;14) 
translocations. Focused on the activation of hemopoietic growth factors involved in the t(5;14) 
translocation in leukemia patients.. 

Research 

Technician Berlex Biosciences, South San Francisco; 7/85-2/87. 

Worked on a subunit porcine vaccine directed against Mycoplasma hyopneumoniae. Was 
responsible for generating genomic libraries, screening with degenerate oligonucleotides, and 
characterizing and expressing clones in B. coli! Also constructed a general purpose expression 
vector for use by other scientific teams. 
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by Wnt-1 and Retinoic Acid." Cancer Research Vol. 61(10), 4197-4205, 2001 
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Jill Schoenfeld, J. Christopher Grimaldi (incorrectly named as "Grimaldi, GT), Franklin 
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Profiling in an in Vitro Model of Angiogenesis " American Journal of Pathology Vol 156f6) 
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5. Grimaldi JC, Yu NX, Grunig G, Seymour BW, Cottrez F, Robinson DS, Hosken N, Ferlin 
WG, Wu X, Soto H, O'Garra A, Howard MC, Cofifman RL. "Depletion of eosinophils in 
mice through the use of antibodies specific for C-C chemokine receptor 3 (CCR3). Journal of 
Leukocyte Biology; Vol. 65(6), 846-53, 1999 

6. Oliver AM, Grimaldi JC, Howard MC, Kearney JF. 'Independently ligating CD38 and Ffc 
gammaRIIB relays a dominant negative signal to B cells." Hybridoma Vol. 18(2) 1 13-9 
1999 



Q 



0 



7. Cockayne DA, Muchamuel T, Grimaldi JC, Muller-Stefmer H, Randall TD, Lund EE, 
Murray R, Schuber F, Howard MC. "Mice deficient for the ecto-nicotinamide adenine 
dinucleotide glycohydrolase CD38 exhibit altered humoral immune responses " Blood Vol 
92(4), 1324-33, 1998 

8. Prances E. Lund, Nanette W. Solvason, Michael P. Cooke, Andrew W. Heath, J. Christopher 
Gtimalc,i, 1 , T f tiy D " R.M.E. Parkhouse, Christopher C Goodnow and Maureen C. 
Howard. "Signaling through murine CD38 is unpaired in antigen receptor unresponsive B 
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9. ML Guimaraes, J. F. Bazan, A. Zolotnik, M. V. Wiles, L C. Grimaldi, F. Lee, T. 
McClanahah. "A new approach to the study of haematopoietic development in the yolk sac 
and embryoid body." Development, Vol. 121(10), 3335-3346, 1995 
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Immunology.Vol. 155(2), 811-817, 1995 
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CD38 induced signal transduction," International Immunology, Vol 7(2), 163-170, 1995 
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of the Murine CD40 Gene." The Journal of Immunology, Vol 149, 3921-3926, 1992 

17. Timothy C. Meeker, Bruce Shiramizu, Lawrence Kaplan, Brian Herndier, Henry Sanchez, J. 
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Division into Peripheral Monoclonal, Polyclonal and Central Nervous System Lymphoma," 
AIDS, VoL 5, 669-674, 1991 F 

18. Ann Grimaldi and Chris Grimaldl "Small-Scale Lambda DNA Prep." Contribution to 
Current Protocols in Molecular Biology, Supplement 5, Winter 1989 

19. J. Christopher Grimaldi, Timothy C. Meeker. "The t(5;14) Chromosomal Translocation in a 
Case of Acute Lymphocytic Leukemia Joins the Interleukin-3 Gene to the Immunoglobulin 
Heavy Chain Gene." Blood, Vol. 73, 2081-2085, 1989 

20. Timothy C. Meeker, J. Christopher Grimaldi, et al. "An Additional Breakpoint Region in the 
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Maureen Howard. "Stmctui^ and fimctional charactoization of CD38: Identification of 
active site residues" 



PATENTS 

1. 'Methods for Eosinophil Depletion with Antibody to CCR3 Receptor" (US 6,207, 155 B 1). 

2. "Amplification Based Cloning Method." (US 6,607,899) 

3. Ashkenazi et al„ "Secreted and Transmembrane Polypeptides and Nucleic Acids Encoding 
the Same." (this patent covers several fa^dredj genes) /> 
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Editor Frontiers in Bioscience 
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The t(5;14) Chromosomal Transloca'ttoft in a Case off Acute 
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By J. Christopher Grirnaidi and Timothy C. Meeker 



(Chromosomal translocations have proven to fee Important 
mniarkers off the genetic abnormalities contrail to the patho- 
-gjonesia of cancer. By cloning chromosomal breakpoints 
<s>m can Identify activated proto-oncogened. We have stud- 
Sod a case of S-flneaoe acute lymphocytic leukemia {MX) 
ttQiat was associated with peripheral blood eosinophil!*. Yh* 
crihromosomd translocation tf&W) (q31;c$32} tfrbm this 
■ —ggnipirwwcfone d and studfedtmh® mofmOarte^'IFIifo 

TXTARYOTYPIC STUDIES of leukemia and lymphoma 
ilii have identified frequent nonraadom chromosomal 
toransiocations. Some of these translocations juxtapose the 
^immunoglobulin heavy chain (UgH) gene with important 
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Fin t. DWA blots of the leukemia samp!©. The restriction 
fragment pattern of normal human DWA (W) and the leukemia 
sample (U were compared using a human Jh probe. Rearranged 
bando ero Indteatad by arrows. Sampto IL exhibto a olngJo rear- 
ranged band with both HlndWt£c6K\ and Sau3A restriction 
digests. The rearranged bands are leas Intense than the other 
bands because tho majority off ceils in the sample represent normal 
bone marrow elements. 



translocation loined the Immunoglobulin heavy chafe Join- 
fng (Jh) region to the promotor region of the interieukin-3 
(IL-3) gene in opposite transcriptional orientations. The 
data suggest that acthratlOflD of .the lt-3 gen® by th© 
enhancer of the tmmunoglobunn heavy chain gene may play 
a central! rol© In the pathogenesis of this leukemia and th© 
assocteted eosinophilic. 

-o 1389i&&mff&3mrttonrtoa;' - - 

FOtooncogenes, such as o-myc and Hn this way, the 

HgH gene can activate proto-oncogenes, resulting in disor- 
dered gene expression and a step in the development of 
cancer. The investigation of additional nonrandom transloca- 
tions into the fgH locus allow w to- identify new genes 
promoting the generation of leukemia and lymphoma* 

A distinct subtype of acuttf lymphocytic len&emia (ALL) 
has been characterized by B-lineage phenotype, associated 
eosinopmTIa in the peripheral blood, and a t(S;14)(q3l£»2) 
chromosomal translocation.^ . This syndrome probably 
occurs in <1% of all patients with ALL. We hypothesized 
that the cloning of the translocation characteristic of this 
leukemia might allow the identification of an important gene 
on chromosome 5 that plays a role in the evolution of this 
disease. In this report we demonstrate that the interleukin-3 
gene (IL-3) and the IgH gene are joined by this transloca- 
tion. 

MATERIALS AND METHODS 
Sample and DNA blots, A bone marrow aspirate from a repre- 
sentative patient with ALL (LI morphology by French-American- 
British [FAB] criteria), peripheral eosinophilia (up to 20,000 per 
microliter with a normal value of <350 per microliter) and a 
t(5;l4)(q3l;o32) translocation was studied. Using published meth- 
ods, genomic DNA was isolated and DN A blots were made.' Briefly, 
10 jig of high molecular weight (mol wt) DNA were digested using 
janappropriate restriction enzyme and electrophoresed on a 0.8% 
'afEose^L The gel was stained mth etiudhun bromide, pTioio- 
graphed, denatured, neutralized, andlraasferred to Hybond (Amer- 
sham, Arlington Heights, IL). After treatment of the filter with 
ultraviolet light, hybridization was performed. The filter was washed 
to a final stringency of 0.2% saturated sodium citrate (SSC) and 
0.1% sodium lauryly sulfate (SDS) and exposed to film. The human 
Jh probe has been previously reported. 6 
Genomic library. The genomic library was made using pub- 
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IS! 100 « of high mo! wt B «omic 

E^i!Tr Parti ^ y ^ff* »• restriction Lyme, 
JjW* from 9 to 23 kaobasea (kb) in ^ were irefatedT a 

M ffff^^«- Frepnento for sequencing were cloned into 
^ZZTaTt!^"^ *° Chftin ^nnina^ method using 

^r^eotssss^ aCTe,and) - T ^ ^ 

RESULTS 

We studied a bone marrow sample from a patient with 
ALL and associated peripheral eosinophilic Karyotype 
aialyfusshowed the characteristic t(5;I4)(q31;q32) translo- 
cation. These features define a distinctive subtype of ALL.* 4 
Tie leukemic cells were analyzed for cell surface phototype 
Z ~nofiuorecence. They were positive for Bl (CD20), 
B4 (CD 9), cALLA (CD10), HLA-DR, and £2 
deoxynuc eofadyi transferase (Tdt), but negative for surface 
immunoglobulim. This phenotypic profile describes an imma- 
ture cell from the Alymphocytic lineage. 0 

The leukemia UNA was analyzed by Southern blotting for 
rearrangements of the IgH gene. Using a human immuno- 
f^ST « P ^ a sineieTearranged band was detected by 
BC0RL Jltoffll, Sstl, SataA, and ScoRI phis Rtndfll 
.retortion digests, suggesting rearrangement of one allele 
(Fig I). The immunoglobulin Jh region from the other allele 
was presumably either deleted or in the germline configura- 

We hypothesized that the t(5;14)(q31;q32) juxtaposed a 
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^SSJT^ £ • T n chromosome 5 with the imwano. 
globulin Jh region on chromosome 14. Therefore genomS 
library was made from the leukemic sample and SS 

ZiZZTtf 0 * toe , Presence of «» rearranged 
fragment that was detected by DNA blotting. 
aiudysb, five clones appeared to represent tTLSnS 

alldeidenUfied by DNA blots. OneoKCes^SS 
4) was chosen for further study and a detuL 

Km ld ? n4ical >■> to the rearranged fimg^fc 

from the leukemia sample,, confirming that clone noTl 
represented the rearranged leukemic allele. 
Phage clone no. 4 contained 3.7 kb of unknowm or?«i„ 

configuratma. Previously, the gene encoding nemetopai^e^ 
growtlh {actor E.3 had been manped toXomo^mSnT 

gene. When the restriction map of human IL-3 amS clone 
no. 4 were compart they were identical for more than 3 lS 

We confirmed the Juxtaposition of the IL-3 gens amd tlw 

ArtBin/Hpal fragment (Rg 2). The sequence of this fras- 
mentshowed no disruptionof the protein coding reriomorX 
m^r RNAof the IL-3 gene. The break S Tget 
occurred in the promoter region, 452 base pairs (bZ 
upstream of the transcriptional start site Km % 
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T<5; 14) CHROMOSOMAL TRANSLOCATION 

The break in the IgH gene occurred 2 bp upstreamof 
■th© Jh4 region. Between the two breaks, 25 bp of uncertain 
origin (putative N sequence) were inserted?' 1 * No sequences 
hornaobgoas to the immunoglobulin heptamer and nonamer 
coutld be identified in the IL-3 sequence (Fig 3B). Therefore, 
nxacleic add sequencing confirmed the juxtaposition of the 
IJL-3 gene and the IgH gene. The sequence data dearly 
showed thai the genes were positioned in opposite transcrip- 
tional orientations (head-to-head). 

AeuBaMe dafe\ ftlso allowed ma |p„determino the normal 
positions of the IL-3 gene and the GM-CSF gene in relation 
t© i&e centeome?e of chromosome 5 (Fig 4). The IgH gene is 
toowa to be positioned ^Eth the variable regions towardthe 
telomere on chromosome !4q. ws It has also been shown that 
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OM-CSF maps within 9 kb off Kr3 in the same transcrip- 
tional orientation* 16 Using this information* and assuming a 
simple translocation event in owr sample, we cam conclude 
that the IL-3 gene is normally more centsomeric* and the 
GM-CSF gene, more telomeric on chromosome 5q (Fig 4). 
Furthermore, both are transcribed with their 5' ends toward 
the centromere. 

DISCUSSION 

In this report we have cloned a unique chromosomal 
. transtorafion^^ 
yet distinct, clinical form of acute leukemia. This transloca- 
tion) joined the promoter of the IL-3 gene to the IgH gene. 
Except for the altered promoter, the IL-3 gene appeared 



B0 



5 0 TACCAG&CAA&CECTCATCEGX'SC^ 1<5® 

5°GTAGXCCAGG3^TGGCA6ATOAG^ 240 
3 0 C ATCAG^CACTACCGTCmCTCTAGG«^^ 



5 p GGGOTCCraTC&CCWXZK^^ 320 
3 0 CCCCAGGAGAtn^GACGACGGTACGAAGGGmGAGA^ 

B'TrTCPSGTT^ 400 
3 • AAAGAACAAAGTGACTAGAACTCATCATC!^^ 

5 >CAGATAAAGATCCTTCC<^Cra^ 48 0 
3 0 GTCTATTTCTAGGAAGGCTGCGGACGG<^ 



5 °CACA'TATiUlGGCGGGAGGTTGTTGCC^ 5Cb 
5 « CC^ckaxmGCCGCCTQCCCGTCCTGCTCCT 6 4C 



5 • AACGTCCTTCAAGACAAGCTGGGOTAAC 3 8 fifiB 
3 1 TTGCAGGAACTTCTGTTCGACCCAATTG 5 1 



IB X 9 JM 
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11-3 



5 5 TGGCCCCAGTAGTCAAAGTAGTCACATTGTGGGAGGCCCCAOTAAGGGGTGCACAAAAACCTGACTCTC 
3 • ACCGGCGTCATCAGTTTCATC ACTgTAMlkCCCTCCGGGGIPAAT 

5 ' TGGCCCCAGTAGTCAAAGTAGTAGAGGTAATTCJ^TCATAGCTGCGGATTAGCAGCGTGAC^GCTACCA 
3 » ft cf&titxxM* & w ac»WPfl &*PT AIK! TCC ATT AAGT RGT ATCGACGCCTAATCGTCGC ACTG GC CGATGCT 

5 • GGCACCAAGAGATGTGCTTCTCAGAGCCTGAGGCT^ 



FtA 3. Soiwwico of t(0*t4K<0t;<j33> brosUgxtot region. (A) Nucteottfio saquactco off <ho ifcrtEU/ffrrf fregmoitt Indicator on RgJ L 
^^I p^ZS^ ^SSL^ W tho M TATA boa W. r > ^ ff ^\ B ^^f^ 

S™^eaoauerico off tho tf5:14H<*31;q32> toroatipolitt region. Tho IgJb* region Id shown with fto cooTng rocjon, hoptener, and 
donofeo tho Identical nuclaotSdo botweon eenusawoo. Mo heptamor ox mmamcr lo Westfffiod tnthoEL-© ooqucnco. 
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F*04> Dtscmtftftotmtfloeate 

«^^K«cdp«one3 ortmattora shewn. On ctormd cferomocomo 
the Vh rotfons are totomorte. Tib© t(5;D 4|(q3H ^33} translo- 
cation rssuto in tho head-to-head orlontatkm of these genes. 
Symbols are defined In Fig Z BP. breakpoint position. 

intact as no deletions, insertions, or point mutations were 
detected by restriction mapping of the entire gene and 
sequencing of part of the gene. The IgH gene has been 
truncated at the Jh4 region, which places the immunoglobu- 
lin enhancer within 2.5 kb of the IL-3 gene. 17 - 18 This leads to 
the hypothesis that the enhancer is increasing transcription 
of a structurally normal IL-3 gene: The same mechanism is 
uxiportant for activation of the omyc gene in some cases of 
BurMtt's lymphoma* 19 An alternate hypothesis is that the 
elimination of an upstream IL-3 promoter element is crucial 
to the activation of the DLp3 gene* 

a»^!Ti" )Sed . a ^ Vati0n 0f the « cne suggests that an 
^K B * n? " mp0rtaBt for * e Pathogenesis of this 
leukemia* Over^ression of the IL-3 gene coupled witli 
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.the presence of the 5L-3 receptor m these cells could aecmnaft 
foff & strong state for proliferatioiu la this regaurcL tfo &m 
are data indicating that immature Mneag© r^l^ec^ 
and B-lineage leukemias may express the IL-3 receptor »■» 
Aa additional, feature of this type of leukemia tlbe 
dramatic eosinophilia, consisting of mature forms, ft Suae 
been hypothesized that the eosinophils do not arise from tJhe 
malignant done, but are stimulated by the tommoir^ 
Ba^ofthetatown effect ^nL^mmiim^tmmoia^ 



nave" a role 5a the eosinophilia in this Hyps of Sen&emife,^ 

Tfee date suggest tha^ tiie recom 
is actwe in the SgH genedurinjg normal dfflbse&tkffa»a hm a 
role in this Gransiocation. 1 * 14 This is supported by tlht© &rea&. 
point location at the 5' end of JM and the presume© off 
potative N-i^oa sequences, On the ot&er kaadk m-r®wwM= 
aatioa signal sequence (heptame* and rioaame?) was foradl 
m tnio region on ehromosome 5,'suggesting tirt'wfiAtSn^ 
factors also- played a role. Further studies mB elucidate m& 
Mechanism of this and other transloeaftHW,. 

In the Reu&ank we studied, -it is possible that tSae imnaucM^ 
globulm enhancer also activates the GM-CSF geat^, sHiac© 
this gene feprohabjy gjositionedl only 14 bfc away {Fig 4$. TM& 
is fasown to be within the range of enhancer Mtfratbn* Hfc© 
interleuMsFS (IL-5) gene maps to chromflsome Sctf! 23 
Deregulation of the 1^5 gene by this translocation womtfd 
synergistically with IL-3 in the stimulation cf eosnaopM 
proliferation and differentiation* These and other tpestSmo 
will be answered by the study of more patient samples; We 
plan to determine whether the t(5;14)(q31;q32) transloca- 
tion is capable of activating multiple lymphokines simulta- 
neously and whether they cooperate in the generationi of this 
leukemia. 
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Jh® *lW4)(q31l«j32l) ttranslocatloira from B-flneaas ocut© 
lymphocytic leukemia with eoafnophma hso beeoa ctonad 
frwro ttm hufewnln samplsc bi SHrtSu cacao* mo tKsunatoca. 
flora Joined the tgM gene and the BnfterieuWj*® (KL-3J gene. In 



10... 



a«fvKy Thoro wao no evidence off exceac 8 <fenulocyto/ 
macrophage colony ocJmulatfeie factor {GRfl-CSFf or EWB 

aubtypo off lOMkemto (may arioo fa bMmoo „ Q 
rwuHbio *» wtowtofrmd paracrine erowrth affiscto. 



sulfate, J^mmol/L each dm? and Taq 
polymerase (PerMn-Etoe?, Norway CT)." ^ 

5te«ttCTdir»^ Saraenctegwaodoaeby.cliamtem^ 
vectors. ^pa«<tf^(ted»TOae«i6ne8a 9 na«^^ OB( ^- 
. l^T^f'' 598 ^ feB«> a Sfsffl K site ac posMoa 



"■ ■ »i n n ■■ill -""^ ' J ^lfcJajnyffijry^ l |JTy 10^ ^ 

8wCt®mfe cofc to ito .sewrea patf^ comw) M 
wea-o-TOeaoured end) ehowro to eomiififto. ^ <8soas© 

A NUMBER OF chromosome translations have beeia 
associated with Ijumais leukemia and lymphoma. Id 
many cases the study cf these translations has led to the 
diKovesy o* charactertotioa of $m><s*mgeM&, such as 
<hjW 6 and oro^, thaft isre^tocated adjacentt to the 
translocation.'* It is* now wideBy umdemcod thaa cancer s n „ . . -— — ~ -^—^^ „ 

• associated taaloCatioas disrmpt nearby gxrotUKwogeaes. toto ^^^P°^-^mpk^ 

the fcriad of Mneag© immuiaoph^typs, ©odaophilia, and 
tto «S;14)(q3fsq32> translation Leukemic cells feom 
.such patients have tee^positivefocft^^ 
transferase (Tdfc), oomiBoa arate lymphob&a^ ieutsemk 
antigen (CALLA) 0 and GDI*, but.negative for surface or 
cy^lasmfe iinmunoglobulin. In previous work, we cloned 
the t(5;14) brealqwmit firom one leukemic sample (Case 1) 
. anddettenninecl^ 
were joined by this abnormality. 5 In this report, we extend 
those findings by showing that the t(5;14)(q31;q32) translo- 
cation from a second leukemia sample (Case 2) has a similar 
stmcture, and we report our study of growth factor expres- 
sion in these patients. 



MATERIALS AMD METHODS 
Samples end Southern blots. Case I has been described. 5 * 
Cujafcal features of Case 2r have been described m detail. 5 TSfoh 
Sl 8011 *" btottin 8 was done using j*eviously described 
method** Futerc were hybridized with an immucogJobulb Jh probe. 

*™* ^™/*coRS genomic EU3 fra^em, and an IM 
cDrJA probe.™ 

Northernblats. RNA isolation and Northern blotting bavc been 
described* Briefly, Northern biota were done by separating 9ug 
total RNA on 1% agarose-formaldehyde gels. Equal RNA loading In 
each hue was confirmed by ethidhun bromide staining. Blots were 
hybridized with an IL-3 cDNA probe extending totheJWiol site in 
exon 5, a 720 bpSst IJKpn I probe derived from intron 2 of the IL-3 
gene^ a 600 bp Nhe 1/Hpa I IL-S cDNA probe, and a 500 bp Pst 
S^^T^^ factor (GM- 

Mymercse chdn reaction. Primers were designed with Bamm 
sites for ckming. One primer hybridized to the Jh sequences from the 
IgHgene (Primer 144:5'*TAGOATCCGACGOTOACCAGGGTK 
and theother hybridized to the regkm of the TATA boa in the 
eaaeffrfmer 1 61 : 5'-AACAOOATCCCGCCTTATATOTOCAG) 
fiWymerase chain reaction (PGR) (95°C for 1 minute, 6I°C for 30 
seconds, and 72°C for 3 minutes) was done usfog 500 ng genomic 
iS^Z^^^^T P»a<rf of ead& fiTizziCT' in 1C0 oozrtaiziizss mmol/L 
T^HQ pH 0.5, 6.7 mmol/L MgO* 10% dimethyl sulfJdo 
(DMSO), 170 ng/mL bovine serum albumin (BSA) (fraction V), 

Blood, Vd 76, No 2 IJuJy 1 S), 1890: pp 28B-289 



^^^teCwJ'p^fe A 8 e««rfeIL.3& a8mea ,fi waCawl 
wasd^d into ttopm eqHeastoavecto^Briejly. fheStetol/ 
^fIfca8Da«rt eoatoiafag «E» HU? geaa wu, snfafoeed d» 
PCTions^ .^scribed phage done 4 into pUClS* Tte £fr Kb 
tagm^erteadine &om tte Am I tfte 6 1 ^ opsteeaia o? ffia HL-3 

to bhinted X&olsheof pXM.The negative control coasbnc* 
ttop^M vector irfaout insert. Ka^m* w^fatecdnST^ 

mented with 1056 heat-inactivated fetal bovine serum, 2 mmo! 
L-ghtamtoe.and 1 ng/mL human OM-CSF." Samples and antibod- 
ies were daoted fa this same medium lacking GM-CSF bat contain, 
ing pemcillm and streptomycin. A25pL volume of serial dilutions of 
patent serom was added to veils in a flat bottom 96-weB miaotitcr 
plate. Rat anb-cytoidne monoclonal antibody in a volume of 25 «L 
was added to appropriate weilo &ad prelncubated for 1 hem at 37»C 
F% M cn,hto c^twi« washed Tl^lc^we^addedto 
•S'WS.a final cell sonqeSteaon^f J x. 10 4 cello per well (final 
•volum* 100 f&$. n, e plate was incubated fair 48 hotui The 
remainiag ceU viability was determined metabolically by the coJorf! 
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metric method of Mosmann using a VMas microtite? plate reader 
(Molecular Devices, MealuPatfc^CA) set a* 570 and 650 urn. 16 

Cytokine immumassaysL These assayn used raft monoclonal 
antfccytoMne antibodies (10 jig/mL) to eoai the wdb of o'PVC 
"nfcwt^^Bfete, Ta© capto%a^JfewJleo used were BVB3*6G8t> 
JBS!-39D10> aaifl.BVB3S-233o; 'fo? she ELr3 0 Hk-5» and O&SrCSF 
assays, respectively. Patkot sera mars thea added (midihited and 
diluted isj &y HL-3, undiluted fo? fiL»5, and uulilated and diluted 
1:5 QM-QJIF). The detecting hnmuitoaeagento used were either 
mouse aMseram eo XL-3 o? mtrciodpphea^ (rWHerivatizcd rat 
monoclfflaafl antibodies JBSI-5A2 and BVB2r2lCSS B specifie for. 
DM and GM-€SF. respectively. Bound antibody .tyas subsequently 
detected with imnumoperoxidase conjugates horseradUperoddase 
(B£RP)-!abeled goat anti-mouse Ig fcrlM, «r mQMabded rat (M 
MoAb) anti-NXP for H^S and GBff-GSF. The chromogenic sub- 
strate was 3-3*a2lno4)is-ben2tiu^»llne sulfonate (ABTS; Sigma, St 
Louis, MO). Unknown values were interpolated from standard 
curves prepared from dilutions of the recombinant factors using 
Softmax software available with the VMAX microplate reader 
(Molecular Devices). 

RESULTS 

. Leukemic DNA "from Case 2 was studied by Southern . 
blotting. When digested with the JStodlll restriction enzyme 
and hybridized with a human immunoglobulin heavy chain 
joining region (Jh) probe, a rearranged fragment at appro* 

, matdy 14 kb was defected (data*not shown). men reprobed . 
with either of two different EL-3 probes,* rearranged U kb 



^f®?^ 8 ^ themrranged Jh k wea t ^ 

-m 1W pjbeo also identified a comigratmg firagmsnt^ 
tins sua TF&ese esp^ents*Mcai*d *ha* the fe^Jsmie ' 
sample studied was donafl and tfea* a singfe fcw^ 



cham reactum flPCR) was used to done the tau^^^ 
ampWto product in the went of a bead-to-headl traoaBcco- 

joeMed a PCR-derived fragment of appromnWeTSZ 
which was cloned and sequenced. * 
Tie DNA sequence of the translocation clone from Case 2 
confirmed the joming of the Jh region with the promoCof 
Uio IL-3 gene in a head-to-head configuration (Fig l). 
Sequence analys,, indicated that thebrea^lnton ciSmo- 
some 14 was just upstream of the JhS coding regiom. The 
breakpoint on chromosome 5 occurred 934 bp upstoeam o? 
tte putatfre site of transcription initiation of the EL-3 aeae . 

^S^ tP 11 ^ N ^ " bp was 

inserted between ^chr8 m0 soin e 5 and chrotaoSoaTS 
sequences during the translocation event"-' 0 Figure 2 shows 
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the locations of the two cloned breakpoints in relation to the 
2L-3 gene. The two chromosome 5 Ibrealqpoinfcs were sena- 
rated % less than SCO bp. 

The genomic structure in Cases H and 2 suggested that a 
normal IL-3 gene product was over-expressed as a result of 
the altered promoter structure. This would predict that the 
HL-3 gene on the translocated chromosome was capable of 
making protein. This prediction was tested by express- 
ing a genomic fragment from the translocated allele of Case 
1 containing all five IL-3 exons under the control of the SV40 
promotor/enhancer in the Cos7 cell line. Cell supernatants 
were studied in a proliferation assay using the factor depen- 
dent crythroleukemic cell line, TP-L The supernatants* 
derived from transfections using the vector plus insert 
aipported TF-1 proliferation, while supernatant* from trans- 
f ections using the vector abne were negative in this assay 
(data aotshow). Furthermore, the Biotegic activity could be 
blocked by m antibody to human EL-3 (BVB3-6G8). This 
result showed that the translocated allele retained the ability 
to make mRNA and protein. 

The level of expression of IL-3 mRNA in leukemic cells 
from Case 1 was assessed. Northern blotting showed that the 
mature IL-3 mRNA (approximately 1 kb) and a 2.9 kb 
unspliced IL-3 mRNA were excessively produced by the 
leukemia (Fig 3). The 2.9 kb form of the mRNA is also 
present at low levels in normal peripheral blood T lympho- 
cytes after mitogen activation (Fig 3). Several B-lineage 
acute leukemia samples without the t(5;14) translocation 
had undetectable levels of IL-3 mRNA in these experiments. 
In addition, although genes for GM-CSF and XL-5 map close 
to the IL-3 gene and might have been deregulated by the 
translocation, no IL-5 or GM-CSF mRNA could be detected 
m the leukemic sample (data not shown). 1 

Three serum samples from Case 2 were assayed by 
immunoassay for levels of EL-3, GM-CSF, and n^5 (Table 
1), Serum BL-3 could be detected and correlated with the 
clinical course. When the patient's leukemic cell burden was 



highest, the XL-3 level was highest. No serum GM-CSF or 
IL-5 could be detected. 

Since the I3U3 lninmnoassay measured only iramunoreac- 
trve factor, we confimed that biologically active EL-3 was 
present by using the TF-1 bioassay. This bioassay can be 
rendered monospecific using appropriate neutralizing mono- 
clonal antibodies specific for IL-3, EL-5, or GM-CSF We 
observed that sera from 1-16-84 and 3-14-84 contained TF-1 
stimulating activity that could be blocked with anti-IL-3 
MoAb (BVD3-6G8), but not with MoAbs to IL-5 (JESl- 
39D10) or GM-CSF (BYD2-23B6) (Fig 4; GM-CSF data 
not shown). The amount of neutralizable bioactivity in these 
two samples correlated very well with the difference in IL-3 
levels obtained by immunoassay for these samples. Further- 
more, the failure to block TM proliferating activity vtith 
either an^-EL.5 or artMRMBgpas consistent with the 
inability to measure theselactors by immunoassay and 



TeWo 1. PerfphoraB Blood Counrtto md Growth Factor ILovelo 
atDSfferont Times Sn Case 2 

Sample Onto 



Peripheral blood counts (cefe/pL) 
WBC 

LymphobJaats 
Eosfnoph&s 
Senim growth factor tevete (pg/mL) 
IL-3 

GM-CSF 
JL-5 



11/15/83 1/16/84 3/14/84 



81,800 
0 

46,628 

<444 
<15 
<60 



116,600 
33,766 
73,080 

7,895 
<16 
<60 



12,300 
0 
616 

1,051 
<16 
<60 



Pertphsrdbtoodcowto^ 
tho correspoji^ cnwrth facto 

pattern received chemothsrEpy bstwssn D/1 6/84 end'3/1 4/84 to tower 
hfe toxemic bur«W No aenim sampteo were available fox a eim3ar 

Abbreviation: WBC, wtihe blood cgHs. 
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fie finding of the JLJ gene adjaceaft to a 
a*odated traaalcfcation breakjoina tfi 
ttom is important te oncogenes^ lrfc« 
autocrine loop fo^s SfaSi ^A£±L*?Jf 
leukoma." The ^e^tot^^T^ 

partfralar ? .&om the study of additional clinical smSSL ft 
wOl be necessary .to document that the iw 
present on- the leukemic cells and thaHa^SELS 
decrees proliferation of the leukemia fotftro ^ 

accomphsh these goals may soon be 
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c-erbB-2 (HEB-2lneu) Oncogene 

Timothy p. Singleton and John G. SWckler 



The oncogene was first shown to have clinical significance in 1987 by 

Slamon etal,» who reported that c-eriB-2 DNA amplification to breast carcino- 
mas correlated with decreased survival in patients with metastasis to axillary 
i ty*®* nodes - Subsequent studies, however, of c-er£B-2 activation In breast 

5 carcinoma reached conflicting conclusions about its clinical significance. This 

\ oncogene also has been reported to have clinical and pathologic implications to 

; °* or neoplasms. Our review summarizes those various studies and examines 

I 0,6 cUnlcaI relevance of c-eroB-2 activation, which has not been emphasized in 

« recent revlow8.»JMs The molecular biology of the c-erbE-2 oncogene has been 

extensively reviewed 1 ''. 3 *.* and will be discussed only briefly here. 



• -3 

BACKGROUND 



The c-erfeB-2 oncogene was discovered in the 1980s by three lines of investiga- 
tion. The neu oncogene was detected as a mutated transforming gene in 
neuroblastomas induced by ethylnitrosurea treatment of fetal rate.».*w«» The c- 
eriB-2 was a human gene discovered by its homology to the retroviral gene v- 
er&B.*M».™ HER-2 was isolated by screening a human genomic DNA library for 
homology with v-erf>B.« When the DNA sequence.-! were determined subse- 
quently, c-erfeB-2, HER-2, and net* were found to represent the same gene. 
Recently, die c-eroB-2 oncogene also has been referred to as NGL, 

The c-erbB-2 DNA is located on human chromosome 17q21«-»<* ami codes 
tor c-erbB-2 mBNA (4.6 tt>). which translates c-er&B-2 protein (pl85). This 
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protein is a normal component of cytoplasmic membranes. The c-erfcB-2 
oncogene is homologous with, but not identical to, c-er&B-l, which is located 
on chromosome 7 and codes for the epidermal growth factor reccptor.* lQ *Thc o 
erb&~2 protein is a receptor on cell membranes and has intracellular tyrosine 
kinase activity and an extracellular binding domain.* 1 * Electron microscopy 
- W i t h a polyclonal antibody dntecta o -erfrB-2 immunoreactivity on cytoplasmic 
membranes of neoplasms, especially on microvilli and the non-villous outer cell ' 
membrane 0 In normal cells, immunobistochemical reactivity for c-eriB-2 is 
frequently present at tbe basolateral membrane or the cytoplasmic membranes 
brxishborder.**- 6 * 

There is experimental evidence that &erbB-2 protein may be involved In 
the pathogenesis of breast neoplasia. Overproduction of otherwise normal c- 
protein pan transform a cell line into a malignant pbenotype." Also, 
wKen the neu oncogene contaJg^aS activating point mutation' is placed in 
transgenic mice with a strong promoter for increased expression, the mice 
develop multiple independent mammary adenocarcinomas.*** In other experi- 
ments, monoclonal antibodies against the neu protein inhibit the growth (in 
nude mice) of a neu-transformed cell line,**-** and immunization of mico with 
neu protein protects diem 6om subsequent tumor challenge with the net* . 
transformed cell line. 14 Some authors have speculated that the use of antago- 
nists for the unknown ligand could be useful in future chemotherapy.* Further 
review of this experimental evidence is beyond the scope of this article. 

The oerbh-2 activation most likely occurs at an early stage of neoplastic 
development This hypothesis Is supported by the presence of oeri>B-2 activa- 
tion h> both in sitn and invasive breast carcinomas. In addition, studies of 
metastatic breast carcinomas usually demonstrate uniform c-erfiB-2 activation 
at multiple sites in the same patient, iwmmUs although c-er6B-2 activation has 
rarely been detected in metastatic lesions but not in the primary tumor^ 0 * 107 
Even more rarely, o-eriB-2 DNA amplification has been detected m a primary 
breast carcinoma but not in its lymph node metastasis.* In patients who have 
bilateral breast neoplasms, both lesions have similar patterns of c-erfcB-2 activa- 
tion, but only a few such cases have been studied. . 11 > . 

MECHANISMS OF c-ert>B-2 ACTIVATION 

Tbe most common mechanism of c-erbB-2 activation is genomic DNA amplifica- 
tion, which almost always results In overproduction of c-sr&B-2 mRNA and 
protein. The c-erbB-2 amplification may stabilize the overproduction of 

mRNA or' protein through unknown mechanisms. Human breast carcinomas 
with c-erfeB-2 amplification contain 2 to 40 times more c-er&B-2 DNA* 3 and 4 to 
128 times more c-erfcB-2 mBNA 5 * 80 than found in normal tissue. Most human 
breast carcinomas with c-erbR-2 amplification have 2 to 15 times more c-erbB-2 
DNA. Tbmors with greater amplification tend to have greater overproduc- 
tion- 17 ^ The non-mammary neoplasms that have been studied tend to have 
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similar levels of c-eri>B-2 amplification or overproduction relative to the corre- 
sponding normal tissue. 

The second most common mechanism ofoerbB-2 activation is overproduc- 
tion of c-eriB-2 mBNA and protein itfthout amplification of DNA. 81 
The quantities of mRNA and protein usually are less than those in amplified 

-cases^dmay^pprcaoh^^^ . 

. tissues; "W* The c-erfcB-2 protein overproduction without mRNA overprocb^ 
tion or DNA amplification has been described in a few huinan breast carcinoma 
cell lines. 

Other rare mechanisms of c-er&B-2 activation have been reported. Translo- 
cations involving the o*rbB-2 gene have been described in a few mammary and 
gastric carcinomas, although some reported cases may represent restriction 
fragment length pdymo^hismsor toojoroigte restriction tm2yme digestions 
that mimic traaisl<Ksattoi^^^^» Asmje point mutation in the transmem- 
brane portion of neu has been described in rat neuroblastomas induced by 
ethybitrosurea^ 85 The mutated nsu protein has increased tyrosine kinase activ- 
ity and aggregates at the cell membrane.***** Although there has been specula- 
tion that some of the amplified c-erfcB-2 genes may contain point mutations, 4 * 
none Has been detected in primary human neoplasms: 41 - 5 ** 

TECHNIQUES FOR DETECTING *erbB-2 ACTIVATION 
Detection of c~erbB-2 DNA Amplification 

Amplification of e-erfiB-2 DNA is usually detected by DNA dot blot or South- 
ern blot hybridization. In the dot blot method, the extracted DNA is placed 
directly on a nylon membrane and hybridized with a c-erbB-2 DNA probe. In 
the Southern blot method, the extracted DNA is treated with a restriction 
enzyme, and the fragments are separated by electrophoresis, transferred to a 
nylon membrane, and hybridized with a oerbB-2 DNA probe. In both tech- 
niques, c-erbB-2 amplification is quantified by comparing die intensity (Mea- 
sured by densitometry) of the hybridization bands from the sample with those 
from control tissue. 

Several technical problems may complicate the measurement of c-eriB-2 
DNA amplification. First, the extracted tumor DNA may be excessively de» 
... graded or diluted by DNA from stromal cells," Second, the e*f &B-2 DNA 
probe must be carefiiUy chosen and labeled. For example, oligonucleotide o- 
er 6B*2 probes may not be sensitive enough for measuring a low level of c-eriB- 
2 amplification, because diploid copy numbers can be difficult to detect (unpub- 
lished data). Third, the total amounts of DNA in the sample and control tissue 
must be compensated for, often with a probe to an unamplified gene. Many 
studies have used control probes to genes on chromosome 17, die location of o 
erftB-2, to correct for possible alterations in chromosome number; Identical 
results, however, are obtained hy using control probes to genes on other chro- 
mosomes,"** 80 with rare exception. w Studies using control probes to the beta* 
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globin gene must be interpreted with caution, because one allele of this gene is 
deleted occasionally to breast carcinomas.* • 

Amplification of c-er&B-2 DNA was assessed by using the polymerase 
chain reaction CPCR).in one recent study.* Oligoprimers for die cscrfeM sane 
and a control gen e are added to the sample's DNA, and PCR Is performed If 

M l 0 waW m m o io c opu * ofW & B-a DNA t han ofthe control gene/ fte— 
e-eriB-2 DNA is replicated preferentially. 

Detection of e-erbB-2 mRNA Overproduction 

Overproduction of c-erfcB-2 mRNA usually is measured by RNA dot blot or 
Northern blot hybridization, ^oth techniques require extraction of RNA but 
^^ise are analogous to DNA dot blot and Southern blot hybridization. Use 
of PCR for detection of c*i*B-2 mRNA-hfl&been described hi two recent 
abstracts.^" 

Overproduction of c-erfcB-2 mRNA can be measured by In sita hybridiza- 
tion. Sections are mounted on glass slides, treated with protease, hybridized 
with a radiolabeled probe, washed, treated with nuclease to remove unbound 
probe, and developed for autoradiography. Silver grams are seen only over 
tumor cells mat overproduce c-ariB-2 mRNA. Negative control probes ere 

useA*»i»Oi» experience tao^tesd^ 

tive for detecting c-erfcB-2. mRNA overproduction in routinely processed tis* 
sue. Although the sensitivity may be increased by modifications mat allow, 
simultaneous detection of o*r&B-2 DNA and mRNA, in situ hybridization still 
is cumbersome and expensive (unpublished data), 

AD of the above c*rfcB-2 mRNA detection techniques have several prob- 
lems that make them more difficult to perform than techniques for detecting 
DNA amplification. One major problem Is the rapid degradation of RNA in 
tissue that Is not immediately frozen or fixed. In addition, during die detection 
procedure, RNA can be degraded by RNase; a ubiquitous enzyme, which must 
be enmmated meticulously from laboratory solutions. Third, control probes to 
genes that are uniformly expressed to the tissue of interest need to be carefully 
selected. ■ •_■ * ? •* ' 

Detection of c-erbB-2 Protein Overproduction 

The most accurate methods for detecting c-erfiB-2 protein overproduction are 
the Western blot method and immunoprecipitation. Both techniques can docu- 
ment the binding specificity of various antibodies against c-erfcB-2 protein. In 
Western blot studies, protein is extracted from the tissue, separated by electro- 
phoresis (according to size), transferred to a membrane, and detected by using an- 
tibodies to c-*r&B-2. In immunoprecipitation studies, antibodies against c-eriB- 
2 are added to a tumor lysate, and the resulting protein-antibody precipitate is 
separated by gel electrophoresis and stained for protein. Both Western blot and 
hnmunoprecipitation are useful research tools but currently are not practical for" 
diagnostic pathology. Two recent abstracts have described an enzyme-linJted 
immunosorbent assay (EUSA) for detection of c-ariB-2 protein.*® 
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Overproduction of ©-er&B-2 protein is most commonly assessed by various 
immunobistochemical techniques. These procedures, often generate conflicting 
results, Which are explained at least partially by throe factors. First* various 
studies have used different polyclonal and monoclonal antibodies. Because 
some polyclonal antibodies recognize weak. bands in addition to the c-er&B~2 

- p rutekr baud on West er n HbJot^rtn n nu no ptecipi^^ 

studies should be interpreted With caution. 22 ^* 7 - 61 Even some monoclonal anti- 
bodies immunoprecipitate protein bands in addition to c-erbB-2 (plSS). 3 * 5 * 88 
Second, tissue fixation contributes to variability between studies, Fbr example, 
. soxn* antibodies detect c-erfrB-2 protein only in frozen tissue and do.not react 
in fixed tissue. In general, formalin fixation diminishes the sensitivity of 
immunohistochemical methods and decreases the number of reactive cells/ 1 * 8 * 
When BouinVfteatfye is used, &aa& may, be a_ Jx^er^perccintage of positive . 
cases,** Third* minimal criteria Car interpreting iinmimohistochemfcal staining . 
are generally lacking. Although there is general agreement that distinct crisp 
cytoplasmic membrane staining is diagnostic for c-erfcB-2 activation in breast 
. carcinoma, the number of positive cells and the staining intensity required' to 
diagnose oerfiB-2 protein overproduction varies from study to study and from 
antibody to antibody. Degradation of o-^rfcB-2 protein is not a problem because 
it can be detected in intact form more than 24 hours after tumor resection . 
without fixation or freezing. 64 

ACTIVATION OF oerfrB-2 IN BREAST LESIONS 
Incidence of oerbB-2 Activation 

Most studies of c-erfcB-2 oncogene activation do not specify histological sub- 
types of infiltrating breast carcinoma. Amplification of c-erfcB-2 DNA was found 
in 19.1 percent (519 of 2715) of invasive carcinomas in 25 studies (Table 1), and 
e-6rfcB-2 mBNA or protein overproduction was detected in 20.9 percent (566 of 
2714) of invasive carcinomas in 20 studies. TWelve studies have documented Cr 
* ^il^mlWAcffprot^ 

that lacked cserbB-2 DNA amplification. 

The incidence of c*erbB*2 activation in infiltrating breast carcinoma varies 
with the histological subtype. Approximately 22 percent (142 of 650) of infiltrat- 
ing ductal carcinomas have c*er6B-2 activation, as expected from die above 
data. Other variants of breast carcinoma with frequent c-erfcB-2 activation are 
inflammatory carcinoma (62 percent, 54 of 87), Paget's disease (82 percent, 9 of 
11), and medullary carcinoma (22 percent, 5 of 23). In contrast, c-eriB-2 activa- 
tion is infrequent in infiltrating lobular carcinoma (7 percent, 5 of 73) and 
tubular carcinoma (7 percent, 1 of 15). 

lie c-erbB-2 protein overproduction is present in 44 percent (44 of 100) of 
ductal carcinomas in situ and especially comedocaxdnoma in situ (68 percent, - • 
49 of 72). The micropapillary type of ductal carcinoma in situ also tends to have 
c-erbB-2 activation > 40M » 6a especially if larger cells are present. The greater fre- 
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quency of c-eH>B-2 protein overproduction In comedocarclnoma in situ, com- 
pared with infiltrating ductal carcinoma, could be explained by the feet that 
many infiltrating ductal carcinomas arise from other types of intraductal carci- 
noma, which show c-er&B-2 activation infrequently. Others have speculated 
that carcinoma to site with ggjgj activation tends to regres s or to lose c- 
~SffcB-iJ acovanon duimg progression to invasion.^ 8 * Infiltrating andlaHtuT 
components of ductal carcinoma, however, usually are similar with respect to o- 
*ri&-2 activation, 11 * 38 although some authors have noted more heterogeneity of . 
. die immtinohistochemical staining pattern In invasive than in in situ card- 
nomsu^M Activation of is infrequent in lobular carcinoma in situ* If 

lesions contain more than one histological pattern of carcinoma in situ, the e- 
erfcB-2 protein overproduction tend* to occur in the comedocarcihoma in situ 
but may include other areas ofceaidnoma m.sittt. 41 ^* C^crpro^uction o£c- - 
er&B~2 protein in ductal carcinoma in situ correlates with larger cell size and a 
periductal lymphoid infiltrate," 

Activation of c-erfcB-2 has not been identified in benign breast lesions, 
including fibrocystic disease, fibroadenomas, and radial scan fTable 2). Strong 
membrane immunohistochemical reactivity for c~eriB~2 has not been described 
in atypical ductal hyperplasia, although weak accentuation of membrane staining 
has been noted infrequently 33 ^ In normal breast tissue; c-erfeB-2 DNA is 
diploid, and cer&B-2 is expressed at lower levels than in activated tumors, 34 - 3 *^ 81 
These preliminary data suggest that c-eri>B-2 activation may not be useful 
&r resolving many of die common problems in diagnostic surgical pathology For 
example, c-erhB-2 activation is infrequent in .tubular carcinoma and radial scare. 
In addition, because c-erbB-2 activation is unusual in atypical ductal hyperplasia, 
cribriform carcinoma hi situ, and papillary carcinoma in situ, detection of c-erfrB- 
2 activation in these lesions may not be helpful in their differential diagnosis. The 
histological features of comedocarcinoma in situ, which commonly overproduces ' 
are unlikely to be mistaken for those of benign lesions. Activation of 

TABLE 2» frertJM ACTIVATION IN BgggN HUMAN BREAST IjgONS 

c-erbB-2 DNA c-erftB-S mRNA c-ertiM Prolan 
Htetojogtca] Diagnosis Amplification" OyerproducOon Overproduction 

Fibrocystic dlseaSB 0/1 0 30 — 0/32,* 0/9,* 8 0/8* 

Atypical ductal hyperplasia — — 2(weak)/21» 

1(cytoplasm!o)n3* 

Benign ductal hyperplasia — — 0/12" 

Sclerosing adenosis — — o/4» 

Fibroadenomas 0/1 6 » Oft," 0/6»0/3» 0/21 .» 0/10" 

0/2* 0/1" a/8,»0fc* 

.Radial scars ~ — 0ft2* 

Blum duel adenosis — — 0/143 

■Breast 0(188106*8" — o/3* — 



*Shwn as number ct cases wltt actfvaUorvmimber of casw stutfed; rafottnea is ston w a superscript 
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c~erbB-2> however, does fevor infiltrating ductal carcinoma over infiltrating 
lobular carcinoma. Further studies of these issues would be useful 

- Multiple studies have exempted to correlate e^il^S- activation wife various 
pathologic. prognro(Se~fector^l1abte Activation of^§F5B59 was 5653^8" 
with lymph nod© mMs^s to 8 off 2B series, with higher histological grade in & 
of IT series, and wJth hflgher stage m 4 of 14 series. Large tamo? ste was no£ 
•associated with «h?t6B-£ activation m most studies (11 of 1& Tetrapfoid DWA 
contend and low proliferation, measured by KMft, have been suggested as 
prognostic &ctoraand may correlate wi&V^B-2 actiVEtioa.^ 




Various studies hssve attempted also to correlate c-arfeB-g actfivatfon with eHaical 
features thai may predict & poo? outeonne (Etebje 4). Activaldom of c-eir&B-S 
. correlated witfe absence of estrogen receptors to 1© of 28 series and wfith ab- 

sence of progesfceramfc receptors, in 6 off 18 series. in most studies, patient age 
did mot correlate with c-er&B-£ activation* and, 5m the rest of the reports, e- 
er&B-& actlvattom was associated with either younger or older ages. . . 

Slamon et al mei Srsfe showed that amplification of the c-erbR*& oncogene inde- 
pendently predicts decreased survival of patients with breast carcinoma* The 
correlation of o-erbB-% amplification with poor outcome was nearly as strong as 
the correlation of number of involved lymph nodes with poor outcome. Slamon 
et al also reported that c-er amplification is an important prognostic indica- 
tor only in patients with lymph node metastasis.™- 81 

A large number of subsequent studies also attempted to correlate c-erbB-2 
activation with prognosis (Tbbls 5). In 12 series, there was a correlation be- 
tween c-er&B-S activation and tumor recurrent or decreased survival In &vq 
off these series* the predictive value of o^iM acth^attonv^ report to^te 

'" - . independent off Other prognostic foctar$rln contrast, 18 serles-did ac^conflrm - 

the correlation of ©>er6B-S activation wife recurrence or survival. Sour possible 
explanations for this controversy are discussed below. 

One problem is thafc c-erf>B-§ amplification .correlates with prognosis 
mainly in patients with lymph node metastasis* As summarized in Table. 5, most 
studies of patients with axillary lymph node metastasis showed a correlation of 
c*0rb&-2 activation with poor outcome. In contrast, most studies of patients 
without axillary metastasis have not demonstrated a correlation with patient 
outcome. Table 6 summarizes the studies in which all patients (with and with- 
out axillary metastasis) were considered as one group. There is a trend for 
studies with a higher percentage of metastatic cases to show an association 
between c-srfeB-2 activation and poor outcome. Thus, most of the current 
• ' * . • evidence suggests that c-erfcB-2 activation has prognostic value only in patients 

with metastasis to lymph nodes. 
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^^gg^gyc^^ACTlVA-nON WITH OUTCOME IN PAT1EKTS 
Numbwof Patlenls ~ 



urn 

-o-«MW Acfltay — 

Activation* Tote/ lymph Node* 





<0.08 


DMA 


176 






<aos 


DMA 


61 






<ao6 


DNA 


57 






<ao5 


DNA 


41 






<aos 


mRNA 


<fe - 






<G,05 


Protein *s~ 








<ao5 


ONA 




345 


'• 




DNA 




120 




<o.os 


DNA 




91 
86 




«MW 


DMA 






<0.05 


Protttn-WB 




390 




<O.05 


Protein 




62 


1 




DNA 


57 






Protein 


189 






0.05-0,16 


Protein 




120 




>0,15 


DNA 


130 




>ais 


DNA . 


122 






>ais 


DNA 


50 






>ais 


mRNA 


57 




/ • 


>ai5 


Protein 


280 






>ais 


Protein 


ra 






>ai5 


Protein 


102 




'] • 


=>0,16 


Protein 




137 




>ais 


DNA 






» _ : ; 


>ats 


DNA ~ ~~ 








>0.16 


DNA 








>ai5 


Protetn-WB 








>0.15 


ProtelrvWa 








>0,15 


Protein 






. i . 


>0.15 


Protein 








^wdpolntaof!h^5nxflaawereftjmorrecunBnci 



~no stat&tfcar 

fifetegfasfr Analysis* 



Reference 



44 



181 
159 

73 
376 
192 
141 

41 



M 

U 
U 
U 
U 

M . 

M 

U 

U 

M 

M 

U 

U 

M 

U 

U 

M 

U 

U 

M 

U 

V 

u 

M 
U 

u 
u 
u 
u 
u 



50. 
6S 
99 
65 

10> 
W 
17 
87 
79. 
65 

101 

111 
92 
B6 

113 
4 

44 
SO 
66 
11 
39 
17 
61 

.ft 
87 
68 
17 
88 
40 



*M - rnuJUvari sta stattstfeal analysis; U « univariate statistical analyst 
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I^n^!S fTAQE 0P BREAST CARCINOMAS WITH METASTASIS COMPARED 
WITH PROGNOSTIC SIGNIFICANCE OF *e*B* ACTIVATION 



lymph node 
metastasis In 
each study 



70- 



60- 



50 



40 



71 (DNA)» 


61 (0NAJ» 




6S|DNAJ» 














42(Pn>WnJ* 


^ — 


\— 



P<0.05 



0.05<P<0.15 



64(mRNA)» 
91(DNAP 



58{ONA)« 

57(DNA)™ 

^(proteto)*' 

4fl(Protein)« 
48(ProletrO» 



i 

PXE15 



roWaottvaftmandwaiowfl^ 

^SSI^^^S* 1 ***** metasta5te ' ******* » mT^mnc^ 8 ^^ 
are the types of o-©rf>B-2 acflvaboa P values are Interpreted aa m Table a 



A second problem is that various types of breast carcinoma are grouped 
together in many survival studies. Because the current literature suggests that 
c-er6B-2 activation is infrequent in lobular carcinoma* studies that combine 
infiltrating ductal and lobular carcinomas may dilute the prognostic effect ofc- 
erfeB-2 activation in o!tseJali$nor& la addition, most sidles do not analyze 
inflammatory breast carcinoma separately. Ibis condition frequently shows c- 
erfcB-2 activation and has a worse prognosis than die usual mammary carci- 
noma, but it is an uncommon lesion. 

A third potential problem ts the paucity of studies that attempt to correlate 
c-*rfcB-2 activation with clinical outcome in subsets of breast carcinoma without 
metastasis, TWo recent abstracts reported that in patients without lymph node 
metastasis who had various risk factors for recurrence (such as large tumor size 
and absence of estrogen receptors), c-erfeB-2 overexpression predicted early 
recurrence In patients with ductal carcinoma in situ, one small study found 
no association between tumor recurrence and activation,** 

A fourth problem is the lack of data regarding whether the prognosis 
correlates better with c-erfcB-2 DNA amplification or with mRNA or protein 
overproduction. Most studies that find a correlation between c-eriB-2 actfva- 
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Horn and poor patient outcome measure c*rKB-2 DNA amplification fTable 5) 
and breast carcinoma patients with greater amplification of e^rfcB-2 may have 
poorer survival^ Recent studies suggest that amplification has more prognos- 
tic power than overproduction,™.* but the clinical significance of <h»tTb.2 
wesprpdtictllqn without BNA amplification deserves farther reseaTOn. 1 ** Few 
— s ^g^°w-^t^ted^te co r rela t e patien t putebms wi l d* •a^r$ fiBs8~aBHar 
overproduction, and many studies of c-eriB-2 protein overproduction userela- 

T 8 ^ L M f* , » methods such as immunohistswhomicaS s&idfes with poly- 
clonal! antibodies. ■ ~ 



Other oncogenes that may have prognostic impactions iniums© breast cane®?- 
are reviewed elsewhere.".^ TMs section will ba restricted to a comparison 
between the dmicaS relevance orW&E-g and these other oncogenes. 

• «,■ °1^5 grate fe oa ° m ^^^d In-hpsast caratoomac, bat e-asyc acttva- 
tton generaly has less prognostic importance than e-er&B-8 actrvatfon.iWw.CT.ra 
One .study found & conrelatlon between Increased mBNAs of WfeB-S and ©■ 
myc, although other reports have mot confirmed this.*- 1 " Subsequent research, 
noweveii could demonstrate a subset of breast carcinomas to which c-mc has 
more prognostic importance than c-«-6B-2. 

Ths gene c-erb&-l for the epidermal growth fector receptor (EGFB) is 
homologous widj c^&B-2 but is infrequently amplified in treast.caremomas.TO 
Overproduction of EGFR, however, occrnra more frequenth/.than amplification 
and may correlate with a poor prognosis. In studies that have examined both c 
erfcB-2 and EGFR to the same tumor, c-er&B-2 has a stronger correlation with 
poor prognostic factors.^® Studies have tended to show no correlation between 
amplification of <ww&B-2 and c*roB-l or pverproductionof c-criB-2and EGFB, 
although at a® molecular level EGFR mediates phosphorylation of c-eri»B-g 
proteto,«^«M5UK> Becemt reviews describe EGFR in breast carotooma/w» 

• J^ 83 *® 8 ^^'^ ^ ^Jbawaol«>so»3 to tihe tSonroidlhtwjnKon® sece^- ' 
tor, and fiiey are located adjacent, W&e?bB& on chromosome 17.-^hese genes 
are fireqnentSy ccampfifled with. e-er&B^ to breast caretoomas. The absence of 
c^M expression in breast carcinomas, however, is evidence against an impc*> 
tent role for this gene to breast neoplasia.® Amplification of c-er&B-2 can occur 
without ear-1 amplification, and these tumors have a decreased survival that is 
similar to tumors with both o-erflB-2 and ear-1 amplification. ^ Consequently, 
c-er&S-g amplification seems to be more important dun amplification of c-erfeA 

• or ear-1. 

Other genes also have been compared with c-er&B-2 activation in breast 
carcinomas. One study found a significant correlation between increased c-erhB- 
2 raWA and Increased mBNAs of/os,. platelet-derived growth factor chain A, 
and B-ras.113 Alielic-deleHon of c-Ha-r«i may indicate a poorer prognosis in 
breast carcinoma^ but it has not been compared with e-er6B-2 activation. Some 
studies have suggested a correlation between advanced stage or recurrence of 

• breast carcinoma and activation of any one of several oncogenes. 21 . 1 " 
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ACTIVATION OF c-erbB-2 IN NON-MAMMARY TISSUES 



Incidence of c-erbB-2 Activation In Non-Mammary Tissues 

Table 7 summarizes the normal tissues In which o-erbB-2 expression has been 
detected, usually with ixnmujiohistochemical methods using polyclonal anti- 



TABLET. .PRESENCE OB ABSENCE OF 04*8-2 mRHA OA c-e/bB-2 PROTEIN IN 
NORMAL HUMAN TISSUES 



Tissues With 
e-erfiB-2 
niRNA 



Tissues Producing Tissues Latins Tissues Lacing 
c-e/bMProtem* oert>B^mRNA . o+rbB* Protein 



SWn« 



. Stomach 8 * 

Jejunum* 4 

Colon** 

Kidneys 



Lung* 



Epidermis 5 * 
Externa) rootaheaih» 
Eomtna sweat gland" 
Fetal oral mucosa 8 * 
Fetal esophagus** 
Stomach 2 "* 
Fetal lntesttoe*** 
SroeJJIriteetfne* 2 * 1 

Fetal Wdney** 

FetaJ proximal tubule** 
Distal tubule* 
Fetal collecting duct« 
Fetal renal pelvis 8 * 
Felai ureter 8 * 
Hepatocytes 24 
• Pancreatic actoP* 
Pancreac6c ducted 
Endocrine cells of fetets 
otLangerhans** 

FetaJ trachea* 
Fetal brancWole8«— 



Fetal brain* 

Thyroid' 
Uterus* 



Placenta 24 



Kidneys'* 



FetaJ ganglion cells 81 



0*aiy'* 
Blood vessels 42 



Postnatal oral mucosa* 1 
Postnatal esophagus® 



Glomerulus* 1 

Postnatal Bowman's capsule* 
Postnatal proximal tubule 88 

Postnatal collecting duct** 
Postnatal renal pelvis*) 
Postnatal total ureter 
Uver«* 



Pancreatic teleta" 

Postnatal trachea** 
Postnatal bconchtoleB 8 * 

Postnatal alvaoto*** 
Postnatal brain** 
Postnata] ganglion cells 6 * 



Endothefium 8 * 

Adrenooortlcai cells* 2 
Postnatal thymus 42 
Fibroblasts* 1 
Smooth muscle ceBs 8 * 
Cardteo muscle cells** 



This protein stud/ used Western blots; the rest used (mmuroWatochemfcaj methods. 
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bodies. Only a few studies have been performed, and some of these do not 
demonstrate cdnvinetog cell membrane reactivity in the published photo- 
graphs. The interpretations in the*? studies, howeve* *re listed, will the 
caveat that these findings should be confirmed by Jntomopredpitation or 
Western or RNA Hots. Production of has been idenBfled in ubnrial 

epj&eltom of the gftstypfategtlnal tract and skfti. Dfaqrepanriet renting <s „ 
.eraB-2 protein in other tones could be due, at least in part, to differences in 
techniques. 

The data on c-*rb&2 activation in various non-mammary neoplasms 
should be interpreted with caution, because only small numbers of tumora have 
: been studied, usually by tarounohfetochemical methods using polyclonal antl- 
bodies. Studies using cell lines have beea excluded, because ceD culture can 
^ induce amplification and overexpression of other genes, although this has not 
' beOTdociumentedlbre-^rfcB-a. ' ^ 

Activation of ch*t6B~2 has been identified in 32 percent (64 of 2GS> of 
ovarian carcinomas in eight studies (liable 8). One abstract* stated that ovarian 
carcinomas contained significantly more c-er&B-2 protein than ovarian non- 
epithelial malignancies. Another report" 1 showed that 12 percent of ovarian 
carcinomas had o»er&B-2 overproduction without amplification. 

. Activation of e-erfeB-2 has been identified in 2a percent (40 of 108) of 
gastric adenocarcinomas in seven studies, including 33 percent (21 of 64) of 



TABU a. c-eroM ACTIVATION IN HUMAN GYNECOLOGIC TUMORS' 







o*rbB-2 


e-e/oB-2 






mRNA. 


Protein 


Tumor Type 


C-0/CB-2DNA 


Over* 


Over- 


AmpflflcaUon 


production 


production 


Ovary— carcinoma, not otherwise 


31/120," 1/11 p 


23^7" 


22V73« 


specified 




36/72" 


Ovary— serous (papillary) carcinoma 


• 0/2,™ 0/1110 






2nr f wy7 t i«o7B» 






lOvaiy— efKlontetrtoid cardnorna-- 






-iff 


Ovary— mudnoua carcinoma 








Ovary— dear cell carcinoma 


072,111 oyi n 






Ovary— mixed epithelial carcinoma 


072?* 






Ovary— endometrioid borderflnaiumor 


0/1™ 






Ovary— muetooua borderline tumor 


0/3* 






Ovary— serous cyeiadenoma 


0/4* 






Ovary— muctnoua cyetadonoma 


072* 






Ovary— sclerosing stromal tumor 


0/1* 






Ovary— fibrothecoma 


Q71 72 






Uterus — endometrial adenocarcinoma 


074.M Q71*« 







♦Shown ea number of cases with aroplWJon {or ovemroducUonVlotal number of cam studied; reference b 
Atari aa superscript AH protein studtes used rmrnurttMstatemlcal mettods. 
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«ml One stady found greater hnnnmonfeXnucal reactSvto fo^SS 

nomas (46 of 63 cases) reacted with antibodies against <nw*B-2 in on« 
«nne of these -positive" cases showed only dB^S— 



TWnorTypo 

Icwinoma 



AmpnneaSon 



tor 



StomacJv^wwcarckwTur 



, Intestinal or tubular type 
3tomaoh--oar<afK)ma, diffuse or eigne! ring cea type 
Colcrecturn— caicinoma 



Colon— villous adenoma 
Cotor>—uibutovgiou8 adenoma 
Colon— tubutar fetenoma 
Coton—hyperpiaatte polyp 

Inf 



6/10*» 

2/49," 1/45,1" 
0/40" 0/32, ^W3« 

(VS» 
(V7« 



Protein 

Qfl« 

4/27,»a/10" 
4/4S» 

1/22 « 7i&*> 



0/1W 



Hepatocellular carcinoma — • « - 
Hepatoblastoma 
CWangtoc*K*»ma 
Pancroae~adefK»ardnoma 
Pancreas — acinar carcinoma 
Panoreaa— dear col) carchtoma 
Pancreas— large cell carcinoma . 
Pancreas—signet ring carcinoma 

Pancreas-- chrpnlc Mtanunatlon 
"" — — — 0/14^f 

^c«asv^oTi«rirtrnai^ 



1ff14?«<Ep. 
4fi/B3» 

<V2" 

0/3* 
0/1* 
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TABLE 1ft, frgrfcM ACTIVATION IN HUMAN PULMONARY TUMORS 8 



TtanorTYpa 



Nbfwmal? oeO carcinoma 

A*nocan*wma* 
Urgec^carofnbma 
SnmlcoD carcinoma 
CarcfnokJiumor 



c**MDNA 

AmpUftertlon 



2mp wop 

o/ia^wiawtvw 

0/21,* 1/t3>» O^n 07," Qfcw 
Oil* 



Protein 
Overproduction 



fltonaiet 
2mRNA» 



1/B4» 
4/12* 



Ito«tudfesanafy»dfarfr«6& 



^S^i^^ for °^* B " a P 101 ^' «» addition to the me ease rfW^ 
a0C tS 08 ^ •* staining.- *** * ^ 

neoXrl? ^r tra ^ t SUmmartZ8 the studfes °f activation in other 

222?" r tfK" 2 "»»*■■ to not activated in most of these tamo* 
Acttvato„ of c^B-2 has been detected in 1 percent (4 of 299) rfT«wZ 
non-small cell camnomas in nine studies, although one additional^S 
S IS^STi overproduction in 41 percent of £ ZS«3SS 

SiSSS?* a f Vatttm ? D 7 ""■■* < 2 <>f i» stuoiesXlprodnt 
bonrf c^JB-2 proteta was described in one transitional cell carSofdt 

cell carcinoma of the skin may contain c-er£B-2 protein, but ft Is not clear 



TABLE 11. 



frggg ACTIVATION IN HUMAN HEMATOLOGIC PROLIFERATIONS' 



tumor Type 

bote malign an 
Malignant lymphoma 
Acute leukemia 
Acute VmphoblasBc leukemia 
Aoutomyetoblaatto leukemia 
Chmnlc leukemia 
Chronic lymphocyte leukemia 
Chronto myeloganoua leukemia 
MyeloprcHHeraOve disorder 







o*rt>B-a DNA "~ 


Over* 


AmpHfteatton 


production 






WQST Q/3107 


0/11 






0/1 w 




0/3W7 








0/6W, 













e*r*B»2 
Protein 

production 



0/1 S* 
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TABLE 12. ovtfH ACTIVATION IN HUMAN TUMORS Of SOFT TISSUE AND BONE* 




. Uposarcoma 
WeomofpWoearooma 
ft^mbdomyosarcoma 
Oateogonk) sarcoma 
Chondrosarcoma 
sarcoma 
ScJiwarmoma 



0/1 tnr 




%rT*f ^ ^f 8 " 2 Atttva *> n w «* PaWeritOutcome 

very Jew studies have attempted to correlate o-rfctuo , 

?mw overejpreatoi, to owito tarctocmu correlates deceased aitfwd 




TABLE 13. 



e*r* B* ACTIVATION IK HUMAN TUM0H3 OF THE URINARY 



TRACT* 



TfamorType 



KWney— renal cell carcinoma 
Wilms' tumor 

Prostato^aderocarcirwrna 
Uri "«y WacWer-carclnoma 



DMA 

Ampnflcaiion 



mRNA 

Over* 
production 



QVSfw 

protfuctron 



1/5, CT 1/4,«»0/5*« 



0/23» 
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TABLE 14 c-q/qB-2 ACTIVATION IN MISCELLANEOUS HUMAN TUMORS* 



"nwnorTyp* 



DMA 

AmpDflcatfon 



- SMrv— maSgnantmelanoma _~ 

SWiv head and nock— squamous own 
. ceB carcinoma 

carcinoma * 



Protein . 
c*«rb B-2mRKA Over* 
Overproduction production 



Parotid gland— axtenok) cystic 
carcinoma 

""WW— papillary carcinoma 
Trryiokf^a^ocaidnoma 

Neuroblastoma 



<V1» 
<V2» 



30owtav6Ss)/5t 
1(towtevete)/2i 



SUMMARY 

nm*??*? * e C ^T AB * 2 onco 8 BnB can occur by amplification ofc-erH*-* 

wucb correlates with a poor prognosis primarily in patients with me tast*T£ 
J^ Wph nodes. Studies that hove Zmpted to ^e WarT^^L 
don with other prognostic fectors iu breast carcinoma have leoorted «^flS^* 
condusioos. The pathologic and clinical si^We IZShST^Ti 
other neoplasms Is unclear and should be S g adSiSef 
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DECLARATION OF PAUL POLARIS, Ph.D. 

L Paul Polakis, Ph,D., declare and say as follow. )" 

1 . I was awarded a PhD. by the Department of Biochemistry of the Michigan 
State University in 1984. My scientific Curriculum Vitae is attached to and forms 
part of this Declaration (Exhibit A). 

% : _ I am cirarently employed by Genentech, Inc. where my job title is Staff 
Scientist. S ince joining Generitech in 1999, one of my primary responsibilities has 
been leading Genentech's Tumor Antigen Project, which is .a large research project 
with a primary focus on identifying tumor cell markers that find use as targets for 
both the diagnosis and treatment of cancer in humans. 

3 . As part of the Tumor Antigen Project, my laboratory has been analyzing 
differential expression of various genes in tumor cells relative to normal cells. 
The purpose of this research is to identify proteinSj that are abundantly expressed 
on certain tumor cells and that are either (i) not expressed, or (ii) expressed at 
lower levels, on corresponding normal cells. We call such differentially expressed . 
proteins "tumor antigen proteins". When such a tumor antigen protein is 
identified, one can produce an antibody that recognizes and binds to that protein. 
Such an antibody finds use in the diagnosis of human cancer and may ultimately 
serve as an effective therapeutic in the treatment of hum 

4, In the course of the research conducted by Genentech's Tumor Antigen 
Project; we have employed a variety of scientific techniques for detecting and 
studying differential gene expression in human tumor cells relative to normal cells, 
at genomic DNA, mKNA and protein levels. An important example of one such 
technique is the well known and widely used technique of microarray analysis 
whjch has proven to be extremely use&l for the identification of mRNA molecules 
that arSe differentially expressed in one tissue or cell type relative to another. In the 
course of our research using microarray analysis, we have identified 
approximately 200 gene transcripts that are present in human tumor cells at 
significantly higher levels than in corresponding normal human cells. To date, we 
have generated antibodies that bind to about 30 of the tumor antigen, proteins 
expressed from these differentially expressed gene transcripts and have used these 
antibodies to quantitatively determine the level of production of these tumor 
antigen proteins in both human cancer cells and corresponding normal cells. We 
have then compared the levels of mRNA and protein in both the tumor and normal 
cells analyzed. 

5. From the mRNA and protein, expression analyses described in paragraph 4 
above, we have observed that there is a strong correlation between changes in the 
level of mRNA present in any particular cell type and the level of protein 



expressed from that mRNA in that cell type. In approximately 80% of our . 
observations we have found that increases in the level of a particular mRNA 
correlates with changes in the level of protein expressed from that mRNA when 
human tumor cells are compared with their corresponding normal cells. 

6. Based upon my own experience accumulated in more than 20 years of 
research, including the data discussed in paragraphs 4 and 5 above and my 
knowledge of the relevant scientific literature, it is my considered scientific 
opinion mat for human genes, an increased level of mRNA in a tumor cell relative 
to a normal cell typically, correlates to a similar increase in abundance of the 
encoded protein in the tumor cell relative to the normal cell. In feet, it remains a 
central dogma in molecular biology that increased mRNA levels are predictive of 
corresponding increased levels of the encoded protein. While there have been 
published reports of genes for which such a correlation does not exist, it is my. 
opinion that such reports are exceptions to the commonly understood general rule 
that increased mRNA levels are predictive of corresponding increased levels of the 
encoded protein. 

7. I hereby declare that all statements made herein of my own knowledge are 
true and that all statements made on information or belief are believed to be true, 
arid further that these statements were made with the knowledge that willful false 
statements and the like so made are punishable by fine or imprisonment, or both, 
under Section 1001 of Title 18 of the United States Code and that such willful 
statements may jeopardize the validity of the application or any patent issued 
thereon. 
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PaulPolakis,Ph.D: 
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Genome-wide Study of Gene Copy Numbers. 
Transcripts, and Protein Levels in Pairs of 
Non-invasive and invasive Human Transitional 
Cell Carcinomas* 

Torfcen F. 0rntoft*§, Thomas ThykjaerU, Frederic M. Waldman||, Hans Wolf**, 
and Julio E. Cells** 



Gain and loss of chromosomal material is cbaractehstto 
of bladder cancer, as weU as maBgnant transf ormaSon In 
general The consequences of these changes at both the 
transcription and translation levels Is at present unknown 
partly because of technical RmHanona. Here we have at- 
tempted to address this -question m pairs of non-mvasive 
and Invasive human bladder tumors usmg a combination 
of technology that Included comparative genomic hybrid- 
ization, high density oligonucleotide array-based monitor- 
ing of transcript levels {5600 genes), and high resolution 
two-dimensional gel electrophoresis. "The results showed 
that there Is a gene dosage effect that In some cases 
superimposes on other regulatory mechanisms. This ef- . 
feet depended {p < 0.015! on the magnitude of the com- 
parative genomic hybrkflzation change. In general (18 of 
23 cases), chromosomal areas with more than 2-foldjjaln 
of DNA showed a corresponding increase In mRNA tran- 
scripts. Areas with loss of DNA, on the other hand, 
showed either reduced or unaltered transcript levels. Be- 
cause most proteins resolved by two-dimensional gets 
are unknown ft was only possible to compare mRNA and 
protein alterations if) relatively few oases of well focused 
abundant proteins. $VUh few exceptions we found a good 
correlation (p < 0.005) between transcript alterations and 
protein levels. The Implications, as weB as Bmltations, 
of the approach are discussed. Molecular & Cellular 
Protoomics 1:37-45, 20O2. 



Aneuptoldy is a common feature of most human cancers 
(1). but little is known about the genome-wide effect of this 
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phenomenon at both the transcription and translation Jevels. 
High throughput array studies of the breast cancer coil line 
BT474 has suggested that there te a correlation between 
DNA copy numbers and 'gene expression In highly amplified 
areas (2). and studies of Individual genes In solid tumors 
have revealed a good correlation between gene dose and 
mRNA or protein levels In the case of c-erb-62, cycttn eft, ' 
emsf, and N-myc (3-5). However, a high cyctln D1 protein 
expression has been observed without simultaneous am- 
plification (4), and a loW level of o-rrryc copy number In- 
crease was observed without concomitant c-myo protein 
overexpresslon (6), ■ 

In human bladder tumors, karyotyping, fluorescent h sftu 
hybridization, and comparative genomic hybridization (CGH) 1 
have revealed chromosomal aberrations that seem to be 
characteristic of certain stages of disease progression. In the 
case of rtorwnvasfve pTa transitional cell carcfcwnas (TCCs), 
this Includes loss of chromosome 9 or parts of It, as weO as 
loss of Y In males. In minimally Invasive pTI TCCs, trie fol- 
io wing alterations have been reported; 2q- f 11p-, 1q+, 
11q13+, 17q+> ana' 20q+ (7-12). It has been suggested that 
these regions harbor tumor suppressor genes and onco- 
genes; however, the large chromosomal areas Involved often 
contain many genes, making meaningful predictions of the 
functional consequences of losses and gains yery difficult. 

In this Investigation wehave combined genome-wide tech- 
nology for detecting genomic gabs and losses (CGH) with 
gene expression profiling techniques (mfcroarrays and pro- 
teomlcs) to determine the effect of gene copy number on 
transcript and protein levels In pairs of norHnvasive and In- 
vasive human bladder TCCs. 

EXPERIMENTAL PROCEDURES 
Material- Bladder tumor biopsies ware sampled after Wormed 
consent was obtained end aner removal of tissue lor routine pathol- 
ogy examination. By light microscopy tumors 335 end 532 were 
staged by an experienced pathologist as pTa (superficial papillary). 

1 The abbreviations used are: CGH. comparative genomic hybrid- 
ization; TCC, transitional cod carcinoma; IOH, lost of heterozygosity; 
PA-FABP. peortaste-assodated tatty acfd-bbiding protein; 2D, 
two-dlmensionaJ. 
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compared with .he norHnvX ^I^T^^b TJ^^J^^- ■ 6 * r > r * ssl ?" of in invasive tumor 733%£ 

counterpart tumor 532. The average f Jr^ent ^ll rnt^n IT! ' nV3SiVe ,umor 827 com P^ with the non-Invasive 

(fcft). The bo/do™ in the ratio profi^e^t a mearToM^ XT™ ^ DNA * Sh ° Wn a,0n9 ^ ^ °' ,h9 e*«~*ome 

deviation. The central vertical vau^ofTZT^ ^ ' s ^ u ' rounded ■*» curves Indicating one standard 

0.5 (Teft) and 2.0 (fight). ^^rr^Tir^^r^^^^^- ff " eS 09x1 10 » ">«*«te a rabo of 
profile of that chromosome is sh Q «n ,7 h^wI, tumor 335 ,or comparison showed alterations In DNA content, the ratio 

the gene, and the cofors indicate ihe , T ,T *° en *' www MDt -D'Vsdata.htmO. Tne oars indicate the purported location of 

Increase (Wac*,. >™^SSi^t T°J "T""' W " h "* ^a^^K^M 
In expression along the c^omoson^ Vr^o^^L.S entitled Bqpresston shows the resulting change 

deregulated^) . oT^SXf t£^f 11 °* *• ^ ^ ^^a"* «"acM. at toast half ofZg^ 

another. I was rigan^ LtlSK "^1^ ST j^S. 10 °"? °' "» 
de,en.,na,,on or -,800 genes. Cen^omeres and hT^^ 



grade I and II, respectively, tumors 733 and 827 were staged as pTI 
Onvasn, e into submucosal. 733 was staged as solid, and 827 was 
staged as papillary, both grade III. 

^ NA ^T tl0n ~ Jl6SU6 Wopsles - obtaine < 1 '^sh from surgery, 
rSLT^J . immedlale ' y ln a sodium-Suanldinlum thlocyanate 
a ' -80 -C. Total RMA was isolated using the 
doMaT- La * °" T lh0d ^-Chemte Medical GMBH). 

TrT^^T^'' 0 "' 1 *■ °' mRNA was as starting material. 
^S-t^f ? S ' rand CDNA 6yn,nesis was Pertomted using me 
3^,"" s y s,9m Onvltrogen, according to the manufac- 
turer s Instructor* but using an oligo(dT) primer containing a T7 RNA 
povmeraso binding site, labeled cRNA was prepared using the ME 
GAscnp® ,„ v ,tro transcription kit (Amnion). Biotln-labeled CTP and 



UTP (Enzo) was used, together with unlabeled OTPs in the reaction 
Following the rn vitro transcription reaction, the unincorporated nu- 
cleolldee were removed using RNeasy columns (Qlagen). 

Array Hybridization and Scanning-Array hybridization and scan- 
ning was modified from a previous method (13). 10 uq of cRNA was 
fragmented at 94 X for 35 mh In buffer containing 40 mM Tris 
acetate. pH 8.1, 100 mM KOAc, 30 rrw MgOAc. Prior to hybridization 
Ihe fragmented cRNA in a 6x SSPE-T hybridization buffer (1 m NaCl' 
10 mM Tris, pH 7.6. 0.005% Triton), was heated to 95 «C for 5 min' 
subsequently cooled to 40 X. and loaded onto the Affymelrlx probe 
array cartridge. The probe array was then incubated lor 16 h at 40 »C 
at constant rotation (60 rpm). The probe array was exposed to 10 
washes In 6x SSP6-T at 25 'C followed by 4 washes In 0.5X SSPE-T 
at 50-C. The btollnylated cRNA was stained with a streptavWav 
phycoerythrin conjugate. 10 «g/ml (Molecular Probes) in 6x SSPE-T 
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Fig. 1 — continued 



for 30 min at 25 *C followed by 10 washes in 6x SSPE-T at 25 "C The 
probe arrays were scanned at 560 nm using a confocal laser scanning 
microscope (made for AffymetrU by Hewlett-Packard). The readings 
from the quantitative scanning were analyzed by Affymetrix gene 
expression analysis software. 

Micnosateliite Aoa^ts-Microsateilite Analysts was performed as 
described previously (14). Microsateflites were selected by use of 
wwvjrjKJbf-nlm.mli.gov/genem and primer sequences were ob- 
ktfned from the genome data base at www.gdb.org. DNA was extracted 
from tumor and Wood and amplified by PCR In a volume of 20 for 35 
c^les^The ampflcons were denatured and electrophoresed for 3 h In an 
ABI Prism 377. Data were collected in the Gene Scan program for 
fragment analysis. Loss of heterozygosity was defined as less than 33% 
of one allele detected in tumor ampficons compared with blood 

Pmteomic Anafysis-TCCs were minced Into small pieces and 
homogenized In a small glass homogenUer in 0.5 ml of fysis soMJon 
Samples were stored at -20 °C until use. The procedure for 2D gel 
electrophoresis has been described in detail elsewhere (16, 16) Gels 
were stained with silver nitrate and/or Coofhassle Brilliant Blue! Pro- 
teins were Identified by a combination of procedures that included 
microsequenclng. mass spectiorrtetry, two^rnensional gel Western 
jmmunoUotting, and comparison with the master twoKfimenstonat gel 
image of human keratlnocyte proteins; see rjtobase.dk/c^bin/cefis. 

CGH- Hybridization of differentially labeled tumor and normal DNA 
to normal metaphase crromosomes was performed as described 
previously (10). Ruoresceirvlabeted tumor DNA (200 ng). Texas Red- 



labeled reference DNA (200 ng), and human Cot-1 DNA f20 M g) were 
denatured at 37 °C for 5 min and applied to denatured normal met- 
aphase slides. Hybridization was at 37 *C for 2 days. After washing 
the shdes were counterstained with 0.15 M g/ml 4,6-diamklino-2^phe^ 
nyfindote m an anti-fade solution. A second hybridization was per- 
formed for ail tumor samples using fluoresceirvlabeted reference DNA 
and Texas Red-labeled tumor DNA ("inverse labeling) to confirm the 
aberrations detected during the initial hybridization. Each CGH ex- 
periment also included a normal control hybridization using fluores- 
cein- and Texas Red-labeled normal DNA. Digital image analysis was 
used to identify chromosomal regions with abnormal fluorescence 
ratios, indicating regions of DNA gains and losses. The average 
greeted fluorescence Intensity ratio profiles were calculated using 
four Images of each cfiromosome (eight chrcmosornes total) with 
normalization of the greenrred fluorescence intensity ratio for the 
entire metaphase and background correction. Chromosome identifi- 
cation was performed based on 4.6^lamWirK>-2-phenytmdole band- 
ing patterns. Only images showing uniform high Intensity fluores- 
cence with minimal background staining were analyzed. All 
centromeres • p arms of acrocentric chromosomes, and heterochro- 
matic regions were excluded from the analysis. 

RESULTS 

Comparative Genomic Hybridization -The CGH analysis 
identified a number, of chromosomal gains and losses In the 
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Table 1 

Correlation between attentions detected by CGH and by expression monitoring 

M JOP a °? H ^dependent variable (5 CGH alteration - what expression ratio was found); bottom, altered expn 
independent variable Of expression alteration - what CGH deviation was found). ^ 


3SSion used . as 


CGH alterations 


Tumor 733 vs. 335 


Tumor 827 vs. 532 


Concordance 


Expression chance clusters C ° nCOrdanC9 ^alterations 


Expression change clusters 


13 Gain 
10 Loss 


10 Up-regulatlon 77% 10 Gain 

0 Down-regulation 

3 No change 

1 Up-reguteiion 50% 12 Loss 
5 Povm-regulatlon 

4 No change 


8 Up-regulatlon 
0 Down-regulation 

2 No change 

3 Up-regulatlon 

2 Down regulation 
7 No change 


80% 
17% 



Expression change clusters 



Tumor 733 vs. 335 
CGH alterations 



Concordance Expression change clusters 



16 Up-reguiatton 
21 Down-regulation 
15 No change 



Tumor 827 vs. 532 
CGH alterations 



Concordance 



11 Gain 

2 Loss 

3 No change 
1 Gain 

8 Loss 

12 No change 
3 Gain 

3 Loss 

9 No change 



69% 
38% 
60% 



17 Up-regutation 
9 Down-regulation 
21 No change 



10 Gain 

5 Loss 

2 No change 

0 Gain 

3 Loss 

6 No change 

1 Gain 
3 Loss 

17 No change 



59% 
33% 
81% 



two Invasive tumors (stage pT1. TCCs 733 and 827), whereas 
the two non-invasive papillomas (stage pTa. TCCs 335 and 
532) showed only 9p-, 9q22-q33-. and X-, and 7+, 9q- 
and Y-, respectively. Both invasive tumors snowed changes 
(1q22-24+, 2q14.1-qter-, 3q12-q13.3-, 6q12-q22-, 
9q34+, 11q12-q13+, 17-h, and 20q11.2-q12+) that are typ- 
ical for their disease stage, as well as additional alterations, 
some of which are shown In Fig. 1. Areas with gains and 
losses deviated from the normal copy number to some extent, 
and the average numerical deviation from normal was 0.4-fold 
in the case of TCC 733 and 0.3-fold for TCC 827. The largest 
changes, amounting to at least a doubling of chromosomal 
content, were observed at 1q23 in TCC 733 (Fig. 1>4) and 
20q1 2 in TCC 827 (Fig. 18). 

mRNA Expression in Relation to DNA Copy Number -The 
mRNA levels from the two Invasive tumors (TCCs 827 and 
733) were compared with the two noninvasive counterparts 
(TCCs 532 and 335). This was done In two separate experi- 
ments In which we compared TCCs 733 to 335 and 827 to 
532, respectively, using two different scaling settings for the 
arrays to rule out scaling as a confounding parameter. Ap- 
proximately 1,800 genes that yielded a signal on the arrays 
were searched in the Unigene and Genemap data bases for 
chromosomal location, and those with a known location 
(1096) were plotted as bars covering their purported locus. In 
that way it was possible to construct a graphic presentation of 
DNA copy number and relative mRNA levels along the Indi- 
vidual chromosomes (Fig. 1). 

For each mRNA a ratio was calculated between the level in 
the Invasive versus the non-invasive counterpart. Bars, which 
represent chromosomal location of a gene, were color-coded 
according to the expression ratio, and only differences larger 



than 2-fold were regarded as informative (Rg. 1). The density 
of genes along the chromosomes varied, and areas contain- 
ing only one gene were excluded from the calculations. The 
resolution of the CGH method is very low, and some of the 
outlier data may be because of the fact that the boundaries of 
the chromosomal aberrations are not known at high resolution. 

Two sets of calculations were made from the data For the 
first set we used CGH alterations as the independent variable 
and estimated the frequency of expression alterations In these 
chromosomal areas. In general, areas with a strong gain of 
chromosomal material contained a cluster of genes having 
increased mRNA expression. For example, froth chromo- 
somes 1q21-q25, 2p and 9q, showed a relative gain of more 
than 100% in DNA copy number that was accompanied by 
increased mRNA expression levels in the two tumor pairs (Fig. 
1). In most cases, chromosomal gains detected by CGH were 
accompanied by an Increased level of transcripts In both 
TCCs 733 (77%) and 827 (80%) (Table I, top). Chromosomal 
losses, on the other hand, were not accompanied by de- 
creased expression in several cases, and were often. regis- 
tered as having unaltered RNA levels (Table I, fop). The Inabil- 
ity to detect RNA expression changes In these cases was not 
because of fewer genes mapping to the lost regions (data not 
shown). 

In the second set of calculations we selected expression 
alterations above 2-fold as the Independent variable and es- 
timated the frequency of CGH alterations in these areas. As 
above, we found that Increased transcript expression corre- 
lated with gain of chromosomal material (TCC 733, 69% and 
TCC 827, 59%), whereas reduced expression was often de- 
tected In areas with unaltered CGH ratios (Table I. bottom). 
Furthermore, as a control we looked at areas with no atter- 
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Expression changes 
detected 



Expression changes 
not detected 



Tumor 827 versus 532 



Expression changes 
detected 



Expression changes 
not detected 



p 0 , Tumor 733 versus 335 

ratio value of one were included- ^ 0113 one sfcmdard Aviation was outside the 
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ation in expression. No alteration was detected. by CGH In. 
most of these areas (TCC 733, 60% and TCC 827. 81 %; see 
Table I, bottom). Because the ability to observe reduced or 
Increased mRNA expression clustering to a certain chromo- 
somal area clearly reflected the extent of copy number 
changes, we plotted the maximum CGH aberrations In the 
regions showing CGH changes against the ability to detect a 
change in mRNA expression as monitored by the oligonucleo- 
tide arrays (Fig. 2Kfor both tumors TCC 733 (p < 0 01 5) and 
TCC 827 <p < 0.00003) a highly significant correlation was 
observed between the level of CGH ratio change (reflecting 
the DNA copy number) and alterations detected by the array 
based technology Fig. 2£ Similar data were obtained when 
areas with altered expression were-used as independent vari- 
ables. These areas correlated best with CGH when the CGH 
ratio deviated 1.6- to 2.0-fold (Table I, bottom) but mostly did 
not at lower CGH deviations. These data probably reflect that 
loss of an allele may only lead to a 50% reduction In expres- 
sion level, which Is at the cut-off point for detection of expres- 
sion alterations. Gain of chromosomal material can occur to a 
much larger extent. 

Microsatetljte-based Detection of Minor Areas of toss- 
es- In TCC 733, several chromosomal areas exhibiting DNA 
amplification were preceded or followed by areas with a nor- 
mal CGH but reduced mRNA expression (see Fig. 1 TCC 733 
chromosome 1q32, 2p21, and 7q21 and q32 t 9q34, and 
10q22). To determine whether these results were because of 
undetected loss of chromosomal material in these regions or 



because of other non-structural mechanisms regulating tran- 
scription, we examined two mtcrosatellites positioned at chro- 
mosome 1q25-32 and two at chromosome 2p22. Loss of 
heterozygosity (LOH) was found at both 1q25 and at 2p22 
indicating that minor deleted areas were not detected with the 
resolution of CGH (Fig. 3). Additionally, chromosome 2p in 
TCC 733 showed a CGH pattern of gain/no change/gain of 
DNA that correlated with transcript Jncrease/decrease/in- 
crease. Thus, for the areas showing increased expression 
there was a correlation with the DNA copy number alterations 
(Fig. 1/\). As indicated above, the mRNA decrease observed in 
the middle of the chromosomal gain was because of LOH, 
implying that one of the mechanisms for mRNA down-regu- 
lation may be regions that have undergone smaller losses of 
chromosomal material. However, this cannot be detected with 
the resolution of the CGH method. 

In both TCC 733 and TCC 827. the telomeric end of chro- 
mosome 11p showed a normal ratio in the CGH analysis 
however, clusters of five and three genes, respectively, lost 
their expression. Two microsatellites (D11S1760 D11S922) 
positioned close to MUC2. IGF2, and cathepsin D Indicated 
LOH as the most likely mechanism behind the loss of expres- 
sion (data not shown). 

A reduced expression of mRNA observed in TCC 733 at 
chromosomes 3q24. t1p11. 12p12.2. 12q21.1, and 16q24 
and in TCC 827 at chromosome 11p15.5, 12p11. 15qH 2 
and 18q12 was also examined for chromosomal losses using! 
microsatellites positioned as close as possible to the gene loci 
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Fks. 3. Mtcros3teUite analysis of loss of heterozygosity. Tumor 
733 showing loss of heterozygosity at chromosome 1q25, detected 
(a) by 01S2I5 close to Hu class I histocompaUWHty antigen (gene 
number 38 in Fig. 1), (b) by 01S2735 dose to cathepsln E (gene 
number 41 in Rg. 1). and (c) at chromosome 2p23 by D2S2251 dose 
to general 0-spectrin (gene number 1 1 on Fig. 1) and of (d) tumor 827 
showing loss of heterozygosity at chromosome 18q12 by S18S111B 
close to mitochondrial 3-oxoacyl-coenzyme A thiolase (gene number 
12 m Fig. 1). The upper curves show the electropherogram obtained 
from normal DMA from leukocytes (N). and the tower curves show the 
electropherogram from tumor DNA (7). In afl cases one allele Is 
partially lost In the tumor ampflcon. 

showing reduced mRNA transcripts. Only the mlcrosatellite 
positioned at 18q12 showed LOH (Fig. 3). suggesting that 
transcriptional down-regulation of genes In the other regions 
may be controlled by other mechanisms. 

Relation between Changes in mRNA and Protein Levels - 
2D-PAGE analysis, in combination with Coomassle Brilliant 
Blue and/or silver staining, was carried out on all four tumors 
using fresh biopsy material. 40 well resolved abundant known 
proteins migrating In areas away from the edges of the pH 
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Fta 4. Correlation between protein levels as Judged by 20- 
PAGE and transcript ratio. For comparison proteins were divided In 
three groups, unaltered In level or up- or down-regulated horizontal 
axis). The mRNA ratio as determined by ollgonucJeotkte arrays was 
plotted for each gene {vertical axis). A, mRNAs that were scored as 
present In both tumors used for the ratio calculation; A. mflNAs that 
were scored as absent in the Invasive tumors (along horizontal axfe) or 
as absent In non-invasive reference (top of figure). Two Different 
scalings were used to exclude scafing as a confound or, TCCs 827 
and 532 (AA) were scaled with background suppression! and TCCs 
733 and 335 (#Q were scaled without suppression. Both compari- 
sons showed highly significant (p < 0.005) differences in mRNA ratios 
belween the groups. Proteins shown were as follows: Group A (from 
left), phosphoglucomutase 1 . glutathione transferase class m number 
4, fatty acid-binding protein homologue. cytokeratln 15, and cyto- 
keratln 13; B (from left), fatty acid-binding protein homofogue, 28-kDa 
heat shock protein, cytokeratln 13, and cafcyctin; Ctfrom left), o-eno- 
lase, hnRNP B1, 28-kDa heat shock protein, 14^3-3-«. and 
pre-mRNA splicing factor, 0, mesotheliaj keralln K7 (type II); E (from 
fop), glutathione S-transf erase- tr and mesotheCal keratin K7 (ty^e II); 
F (from top and left), adenyfyt cyclase- associated protein, E-cadherin[ 
keratin 19, calglzzarin. phosphogtycerate mutase, . annexln IV. cy- 
toskeletal y-actln. hnRNP A1« Integral membrane protein calnexln 
(IP90), hnRNP H, brain- type clathnn light chain- a, hnRNP F, 70-kDa 
heat shock protein, heterogeneous nuclear ribonucleoprotein A/B. 
translationaUy controlled tumor protein, liver gtyceratdebyde-3-phos- 
phate dehydrogenase, keratin 8, aldehyde reductase, and Na,K- 
ATPase p-1 subunit; G. (from fop and te/r), TCP20, calgizzarln, 70- 
kDa heat shock protein, calnexln, hnRNP H, cytokeratln 15, ATP 
synthase, keratin 1 9, triphosphate Isomerase. hnRNP F. liver glyc- 
eraldehyde-3-phospbatase dehydrogenase, glutathione S-transf er- 
ase-v, and keratin 8; H (from fefr), plasma gelsblin. autoantigen cal- 
reticufin, thioredoxin, and NAD+ -dependent tStryoYoxyprostaglandin 
dehydrogenase; / (from top), prolyl ^hydroxylase /3-subuntt. cyto- 
keratin 20, cytokeratln 17, prohibition, and fructose 1 ^phos- 
phatase; J armexin II; JC. annexrn IV; L (from fop and left), 90-kDa heat 
shock protein, prolyl 4 -hydroxylase 0-subunit, a-enolase. GRP 78 
cydopNIin. and cofiPn. 

gradient, and having a known chromosomal location, were 
selected for analysis in the TCC pair 827/532. Proteins were 
identified by a combination of methods (see "Experimental 
Procedures"). In general there was a highly significant corre- 
lation (p < 0.005) between mRNA and protein alterations (Rg. 
4). Only one gene showed disagreement between transcript 
alteration and protein alteration. Except for a group of cyto- 
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Fig. 5. Comparison of protein and transcript levels In invasive 
and non-Invasive TCCs. The upper part of the figure shows a 20 gel 
(terr) and the oligonucleotide array (rfg/if) of TCC 532. The reef recteo- 
g!es on the upper get highlight the areas that are compared below. 
Identical areas of 2D gels of TCCs 532 and 827 are shown below. 
Clearly, cytokeratlns 13 and 15 are strongly down-regulated in TCC 
827 (red annotation). The tile on the array containing probes for 
cytokeratin 1 5 is enlarged below the array {red arrow) from TCC 532 
and is compared with TCC 827. The upper row of squares m each tile 
corresponds to perfect match probes; the tower row corresponds to 
mismatch probes containing a mutation (used for correction for un- 
speciflc binding). Absence of signal Is depicted as black, and the 
higher the signal the fighter the color. A high transcript level was 
detected In TCC 532 (6151 units) whereas a much lower level was 
detected in TCC 827 (absence of signals). For cytokeratin 13, a high 
transcript level was also present In TCC 532 (15659 units), and a 
much lower level was present n TCC 627 (623 units). The 2D gels at 
the bottom of the figure (jfert) show levels of.PA-FABP and adipocyte- 
FABP in TCCs 335 and 733 (invasive), respectively. Both proteins are 
down-regulated in the invasive tumor. To the right we show the array 
tiles for the PA-FABP transcript. A medium transcript level was de- 
tected in the case of TCC 335 (1 277 units) whereas very low levels 
were detected in TCC 733 (166 units). IEF. isoelectric focusing. 



keratins encoded by genes on chromosome 17 (Fig. 5) the 
analyzed proteins did not belong to a particular family. 26 well 
focused proteins whose genes had a know criromosornal 
location were detected In TCCs 733 and 335, and of these 1 9 
correlated (p < 0.005) with the mRIMA changes detected using 
the arrays (Rg. 4). For example, PA-FABP was highly ex- 
pressed in the non-invasrve TCC 335 but lost in the Invasive 
counterpart (TCC 733; see Fig. 5). The smaller number of 
proteins detected in both 733 and 335 was because of the 
smaller size of the biopsies that were available. 

11 chromosomal regions where CGH showed aberrations 
that corresponded to the changes In transcript levels also 
showed corresponding changes In the protein level (Table ll). 
These regions included genes that encode proteins that are 
found to be frequently altered in bladder cancer, namely 
cytokeratlns 17 and 20, annexlns II and IV, and the fatty 
acld-binding proteins PA-FABP and FBP1. Four of these pro- 
teins were encoded by genes in chromosome 17q, a fre- 
quently amplified chromosomal area In invasive bladder 



DISCUSSION 

Most human cancers have abnormal DNIA content, having 
lost some chromosomal parts and gained others. The present 
study provides some evidence as to the effect of these gains 
and losses on gene expression in two pairs of noninvasive 
and invasive TCCs using high throughput expression arrays 
and proteomics, in combination with CGH. In general, the 
results showed that there is a clear irKlrvidual regulation of the 
mRNA expression of single genes, which in some cases was 
superimposed by a DNA copy number effect. In most cases, 
genes located in chromosomal areas with gains often exhib- 
ited increased mRNA expression, whereas areas showing 
losses showed either no change or a reduced rnRNA expres- 
sion. The latter might be because of the fact that losses most 
often are restricted to loss of one allele, and the cut-off point 
for detection of expression alterations was a 2-fold change, 
thus being at the border of. detection. In several cases, how- 



Proteins whose expression 



Table II 

/eve/ comitates with both mRNA and gene dose changes 



Protein 



Crvomosomal location 



Annoxin II 
Annexin IV 
Cytokeratin 17 
Cytokeratin 20 
(PA-)FABP 
FBP1 

Plasma gelsolin 
Heat shock protein 28 
Prohibrtin 
Prolyt-4-hydroxyl 
hnRNPBI 



1q21 
2p13 

17q12-q2t 

17q2l.t 

6q21.2 

9q22 

9q31 

15q12-ql3 
17q21 
17q25 
7pl5 



Tumor TCC 


CGH alteration 


Transcript alteration* 


Protein alienation 


733 


Gain 


Abs to Pres* 


Increase 


733 


Gain 


3.9-Fold up 


Increase 


827 


Gain 


3.8-Fold up 


Increase 


827 


Gain 


5.6-Fold up 


Increase 


827 


Loss 


10-Fold down 


Decrease 


827 


Gain 


2.3-Fold up 


Increase 


827 


Gain 


Abs to Pres 


Increase 


827 


Loss 


2.5-Fold up 


Decrease 


827/733 


Gain 


3.7-/2.5-FoH up* 


Increase 


827/733 


Gain 


5.7V1.6-Fotdup 


Increase 


827 


Loss 


2.5-Fold down 


Decrease 



• Abs, absent; Pres. present. 

b ,n cases where the corresponding alterations were 



found in both TCCs 827 and 733 these are shown as 827/733. 
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ever, an increase or decrease In DNA copy number was 
associated with cte novo occurrence or complete loss of tran- 
script, respectively. Some of these transcripts could not be 
detected In the non-Invasive tumor but were present at rela- 
tively high levels In areas with DNA amplifications In the Inva- 
sive tumors (e.g. In TCC 733 transcript from cellular Ilgand of 
annexin « gene (chromosome 1q2i} from absent to 2670 
arbitrary units; in TCC 827 transcript from small profine-rich 
protein 1 gene (chromosome 1q12-q21.1) from absent to 
1326 arbitrary units). It may be anticipated from these data 
that significant clustering of genes with an increased expres- 
sion to a certain chromosomal area indicates an increased 
likelihood of gain of chromosomal material in this area. 

Considering the many possible regulatory mechanisms act- 
ing at the level of transcription, it seems striking that the gene 
dose effects were so clearly detectable in gained areas. One 
hypothetical explanation may lie In the toss of controlled 
methylaUon in tumor cells (17-19). Thus, it may be possible . 
that in chromosomes with increased DNA copy numbers two 
or more alleles could be demethylated simultaneously leading 
to a higher transcription level, whereas in chromosomes with 
losses the remaining allele could be partly methylated, turning 
off the process (20. 21). A recent report has documented a 
ploidy regulation of gene expression in yeast, but in this case ail 
the genes were present in the same ratio (22), a situation that is 
not analogous to that of cancer cells, which show marked 
chromosomal aberrations, as well as gene dosage effects. 

Several CGH studies of bladder cancer have shown that 
some chromosomal aberrations are common at certain 
stages of disease progression, often occurring in more than 1 
of 3 tumors. In pTa tumors, these include 9p-, 9q-, 1q+, Y- 
(2, 6), and In pT1 tumors, 2q-,11p-, 11q~, 1q+, 5p+, 8q + , 
17q+. and 20q+ (2-4, 6, 7). The pTa tumors studied here 
showed similar aberrations such as 9p- and 9q22-q33- and 
9q- and Y-, respectively. Likewise, the two minimal invasive 
pT1 tumors showed aberrations that are commonly seen at 
that stage, and TCC 827 had a remarkable resemblance to the 
commonly seen pattern of losses and gains, such as 1 q22-24 
amplification (seen in both tumors), 1 1q14-q22 loss, the latter 
often linked to 17 q-f (both tumors), and 1q+ and 9p-. often 
linked to 20q+ and 11 q13+ (both tumors) (7-9). These ob- 
servations Indicate that the pairs of tumors used in this study 
exhibit chromosomal changes observed in many tumors, and 
therefore the findings could be of genera! Importance for 
bladder cancer. 

Considering that the mapping resolution of CQH Is of about 
20 megabases it Is only possible to get a crude picture of 
chromosomal Instability using this technique. Occasionally, 
we observed reduced transcript levels close to or inside re- 
gions with increased copy numbers. Analysis of these regions 
by positioning heterorygous mlcrosatellites as close as pos- 
sible to the locus showing reduced gene expression revealed 
loss of heterozygosity in several cases. It seems likely that 
multiple and different events occur along each chromosomal 



arm and that the use of cDNA mlcroarrays for analysis of DNA 
copy number changes will reach a resolution that can resolve 
these changes, as has recently been proposed. (2). The outlier 
data were not more frequent at the boundaries of the CGH 
aberrations. At present we do not know the mechanism bo- 
hind chromosomal aneuploldy and cannot predict whether 
chromosomal gains will be transcribed to a larger extent than 
the two native alleles. A mechanism as genetic imprinting has 
an impact on the expression level in normal cells and Is often 
reduced In tumors. However, the relation between imprinting 
and gain of chromosornal material is not known. 

We regard it as a strength of this investigation that we were 
able to compare invasive tumors to benign tumors rather than 
to normal urothelium, as the tumors studied were biologically 
very close, and probably may represent successive steps in 
the progression of bladder cancer. Despite the limited amount 
of fresh tissue available it was possible to apply three different 
state of the art methods. The observed correlation between 
DNA copy number and mRNA expression is remarkable when 
one considers that different pieces of the tumor biopsies were 
used for the different sets of experiments. This indicate that 
bladder tumors are relatively homogenous, a notion recently 
supported by CGH and LOH data mat showed a remarkable 
similarity even between tumors and distant metastasis (10, 23). 

In the few cases analyzed, mRNA. and protein levels 
showed a striking correspondence although In some cases 
we found discrepancies that may be attributed to translational 
regulation, post-translational processing, protein degrada- 
tion, or a combination of these. Some transcripts belong to 
undertranslated mRNA pools, which are associated with few 
translational (y inactive ribosomes; these pools, however, 
seem to be rare (24). Protein degradation, for example, may 
be very Important in the case of polypeptides with a short 
half-life (e.g. signaling proteins). A poor correlation between 
mRNA and protein levels was found in liver cells as deter- 
mined by arrays and 2D-PAGE (25), and a moderate correla- 
tion was recently reported by Ideker et at (26) In yeast 

interestingly, our study revealed a much better correlation 
between gained chromosomal areas and Increased mRNA 
levels than between loss of chromosomal areas and reduced 
mRNA levels. In general, the level of CGH change determined 
the ability to detect a change in transcript. One possible 
explanation could be that by losing one allele the change In 
mRNA level is not so dramatic as compared with gain of 
material, which can be rather unlimited and may lead to a 
severalfold increase In gene copy number resulting In a much 
higher Impact on transcript level. The latter would be much 
easier to detect on the expression arrays as the cut-off point 
was placed at a 2-fold level so as not to be biased by noise on 
the array. Construction of arrays with a better signal to noise 
ratio may In the future allow detection of lesser than 2-fold 
alterations in transcript levels, a feature that may facilitate the 
analysis of the effect of loss of chromosomal areas on tran- 
script levels. 
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In eleven cases we found a significant correlation between 
DNA copy number, mRNA expression, and protein level Four 
of these proteins were encoded by genes located at a fre- 
quently amplified area In chromosome 17q. Whether DNA 
copy number Is one of the mechanisms behind alteration of 
these eleven proteins Is at present unknown and wfll have to 
be proved by other methods using a larger number of sam- 
ples. One factor making such studies complicated Is the large 
extent of protein modification that occurs after translation, 
requiring ImmunoWentiflcatJon and/or mass spectrometry to 
correctly Identify the proteins In the gels. 

In conclusion, the results presented In this study exemplify 
the large body of knowledge that may be possible to gather in 
the future by combining state of the art techniques that follow 
the pathway from DNA to protein (26). Here, we used a tradi- 
tional chromosomal CGH method, but in the future high reso- 
lution CGH based on mk^oarrays with many thousand radiation 
hybrtd-mapped genes will Increase the resolution and informa- 
tion derived from these types of experiments (2). Combined with 
expression arrays analyzing transcripts derived from genes with 
known locations, and 2D get analysis to obtain information at 
the post-translational level, a clearer and more developed un- 
derstanding of the tumor genome will be forthcoming. 
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Impact of J)NA Amplification on Gene Expression Patterns in Breast Cancer 1 ' 2 
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Warkw Rlpgnfr, Gni*> Santw, Ond Mbnnl, Abdd Ettahlonn, OIU-P. KaDlonleml, and Anne Kanioriiemf 
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ABSTRACt 

Genet* changes underlie tumor progression and may lead to cancer- 
* «PtdDc expression of critical gene*. Over 11 OQ jmblfcatloirs have do-. 
; scribed the ose of comparative' x eaofasJc hybridization (CGH) to analyze 
tht pattern of copy number aJteratleiu in cancer, bat Tory fcwofWgeoe* 
affected are known. Here, we performed high-resomriori CGH analysis on - 
cDNA mkroarrayi tn breast cancer and directly compared copy anmber 
•ad mKNA expression levels of U&4 .genes to qnanritate the Impact of 
genomic changes on gene expreulon. We identified and mapped the 
bwmdnries of 24 Independent attpBcons, ranging In the from OS to 11 
Mb« Throughout me genome, bom high, and ww-ievej copy "number 
changes had a substantial impact on gene expression. With 44% of the. 
bieUy araplifled genes •bowing overexpresslon and. 103% of the highly 
ovvexprcssed genes being amplified. SUtlstkal analysis- with random 
permoUtiontesta Identified 270 genes whose expression levels across 14 
samples were rystexnatlcalry attributable to gene, amplification. T> esc 
included most previously described amplified gene* m breast cancer and 
many novel targets for genomic aJteratfons, incrodtog the BOXB7 gene, 
the presence of which m a novel amplicon at l?q.2l3 was validated m 
10J% ofprbnsry breast cancers and associated with poor patient prog, 
nods. In conclusion, CGH on cDNA inkroairays revealed hundreds of. 
novel genes whose overezpression Is attributable to gene amplification. 
These genes m»y provide insights to die clonal, evolution and progression 
of breast cancer and highlight promising therapeutic targets, 

INTRODUCTION * 

Gene expression patterns revealed by cDNA microarrays have 
facilitated classification of cancers into biologically distinct catego- 
ric^ some of which may explain the clinical behavior of the tumors 
(1^6). Despite this progress in diagnostic classification, the molecular 
mechanisms underlying gene expression patterns in cancer have re- 
mmne^ejusive, and the utility of /gene expression profiling in the 
identification of specific therapeutic targets remains Jirmteur^ 

Accumulation of genetic defects is thought to underlie the clonal 
evolution of cancer. Identification of the genes that mediate, the effects 
of genetic changes may be, important by highlighting transcripts that 
are actively involved in tumor progression. Such transcripts and their 
encoded proteins would be Ideal targets, for anticancer therapies, as 
demonstrated by the clinical success of new therapies against ampli- 
fied oncogenes, such as 2RBB2 tnd EGFJR'P, 8), in breast cancer and 
other solid tumors. Besides amplifications of known oncogenes, over 




Fig. Khnpic tofgcbo copy onmber on "global gene expresaice, 



itaeeof 



and ^^w*wfcgraes (T art) sccottJws to c^.msnbe>*«ttoa (T mfr). 
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20. recurrent regions of DMA amplification have been mapped in 
breast cancer by CGH 5 - (9, 10). However, these ampUcons are often 
large and poorly defined, and their impact on gene expression remains 
unknown. 

We hypothesized that genome-wide identification of those gene 
expression changes that, are attributable to underlying gene copy 
number alterations would highlight transcripts that are. actively in- 
volved in the causation or maintenance of t the malignant phenotype. 
To identify such transcripts, we applied a combmaiocm of cDNA and 
CGH microarrays. to: (a) determine the global impact that gene copy 
Dumber variation plays in breast cancer development and progression; 
and (b) identify and characterize those genes, whose mRNA expre> 
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1 The abbrevlsUons ascd are: CGH, comparative exnoxofc bybrf dilation; PISH, fruo- 
roctnee Or sifu hybodizauoa; RT-PCR, reverse tnuacripoon-PCJL 



GENE EXPRESSION PATTERNS IN BREAST CANCER 




X-l by CGH oo cDNA microarray. The copy aumbcr 0 ^£fJ 7 iZI? ^2?° ° fa * 

' corrected with .line tod. rnovti* TLS^ 5^£2!2!i " * ^f? 00 of *? 



copy number ratio of 1.0. 1. _ 



sion is most significantly associated with amplification of the corre- 
sponding genomic template. 

MATERIALS AND METHODS 

SK^R 1 rl\n .f.™"' MDA - 361 - MDA-453. MDA-468. 

SKBR-3, T-47D. IMCC812. ZR-75-t, and ZR-75-30) were obtained ftom the 
A^n Type Culture Coflccion (Manassas, VA). Ceto were gro.r. under 

uZ^Z. , ™A and mRNA were isolated 

•wing standard protocols. 

Copy Number and Expression Analyse, by cDNA Mkroarrays. The 
pteparahdn and printing of d* |},824 cDNA clones on glass slides were 
P^ed 8S described (,,-,3). Of these Cones, 244 repcLxed unchLT- 
^expressed sequence tags, and the remainder corresponded to known 
f« n n " PCnm<n,S °" cDNA nncroarrays were done as described (14, 
I nrL n "' geO0mic DNA fram b"** cancer cell lines and normal 
human WBCs were digested for 14-18 h with AM and *,<,, (Life Technol- 
R ~ kv ' *' MD > 8nd P^fi«« by phenoVehloroform extraction. Sia 
Phamtaca) miS nonra , DNA with CySKltJTP (Amersham Pharmacia) using 
ZhTT e Ubel,n o k i' (Life Technologies, Inc.). Hybridization (14, 1 5) and 
posa.ybnd12at.oo washes (13) were done as described. For the expression 
analyses, a »nd«d reference (Universal Human Reference RNA; SttaUgene, 
Ubekd^K } r- W ™ ^ "^^^ Fort * "8 °< reft ™« RNA were 
^* r TJ"" " M ° f mRNA wi * CyMUW. and the 
labeled cDNAs were hybridized on roicroarrays as described (13, IS) For both 

aTT^ ' U ' a COnf0Ca ' (Agilent Technologies. Palo 

Aho CA) was used to measure the fluorescence intensities at the targe, 
locations usmg the DEARRAY software (16). After background subtraction, 
average ortensmes at each clone in the test hybridization were divided by the 
average Intensity of the corresponding clone in the control hybrididuion. For 
.he copy number analysis, the ratio, were normalized on the basis of the 
d.stribut.on of rat.os of all target, on the army ami for the expression analysis 
on the has., „f 8 housekcc(>Illg gene5> whjch w ^ 

anay. Low quahty measurements (I.e.. copy number data with mean reference 
tmens.ty <|00 fluorescent unit,, and expression data with both test and 
reference .mensity <|00 fluorescent units and/or with spot size <50 units) 
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were excluded horn the analysis and were treated as missing values The 
dunnbunons of fluorescence ratios were used to define outpoints for increased/ 

™ "™ nbe '- Gen " "** CGH rati0 > 143 (^P^ng the upper 
5% of the CGH rauos across all experiments) were considered to be amplified, 
and genes w.th rado <0.73 (represeodng me lower 5%) we.c considered to be 
deleted. 

Statistical A,.aiysb of CGH mod cDN A Microarray Data. To evaluate 
Uk influence of copy number alterations cm gene expression, we applied the 
following statistical approach. CGH and cDNA calibrated intensity ration were 
log-transformed and normalized using median centering of the values in each 
cell hne. Furthermore. cDNA ratios for each. gene across all 14 cell lines were 
median centered Por each gene, the CGH data were represented by a vector 
that was labeled 1 for amplification (ratio, > 1 .43) and 0 foe no amplification. 
Amplification was correlated with gene expression using the signal-lo-noisc 
statistics ( I ). We calculated a weight, *» r for each gene as follows; 

where y, „ el and denote the means aod SDs for the expression 

levels for amplified and nonampKfied cell lines, respectively. To assess the 
stattstical significance of each weight, we performed 10,000 random permu- 
tations of the label vector. The probability that a ge*e had a larger or equal 
weight by random permutation than the original weight was denoted by^L A 
low a (<0.05) indicates a strong association between gene expression and 
amplification. 

Genomic localization of cDNA Clones and AmpUcon Mapping. Each ^ 
cDNA clone on fre microarray was assigned to a Unigene cluster using the 
UmgeneBudd 141 • A database of genomic sequence alignment mformLoo 
for mRNA sequences was created from the August 2001 freeze of the Uni- 
versity of Cahfomia Santa Cruz's GoldenPiih database/ Tbe chromosome and 
bp rations for each cDNA clone were then retrieved by relating these data 
sets. Ampbcons were defined as a CGH copy number ratio >2 0 in at least two 
adjacent clones in two or more cell lines or a CGH ratio >2.0 in at least three 
adjacent clones in a single cell line. Hie amplicon start and end positions were 

? J"*™ ^J™ ^''^^^^gov/micrc^^ 
Interne, iddrcss: www.gcnome.ucsceda *-«wnu. 
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Table 1 Summary cf tadqmkkjtt anpHcoh* tn 14 breast can 
CGH micrtxaroy 


oer ccji ft* ex fry 


_2 


Start (Mb) 


End (Mb) 


Size (Mb) 


Ip13 


132.79 


13194 


0.2 


Iq21 


173.92 


177.25 


33 


.1422 


179.28 


179 .57 


03 


3pl4 


71.94 




17 


?t>JL!-7pll.2 




WJ.JO 


53 


7q31 


125.73 


UU.yo 


5.2 


7q32 


I4A m 

1 "K/.UI 


140.68 


0.7 . 


Bq2I.II-$q21.l3 


Of. A* 


92.46 


610 






103.05 


4.6 




1*7. W 


142,15 


113 


8q24.22 


151.21 


15116 


1.0 


9pl3 


38.65 


39.25 


0.6 




77.15 


8138 


A2 


16^22 


86.70 


87.62 


0.9 
1.6 


I7qll 


29.30 


30.85 




39.79 


42.80 


3.0 


l7qil32-q2I.J3 


5Z.47 


55.80 


33 


17022-^23.3 


63.81 


69.70 


5.9 


I7q233^q24j 


69.93 


74.99 


5.1 


19q!3 


40.63 


41.40 


0.8 


20qllJ2 


34J9 


35.85 


1.3 


20ql3.l2 


44.00 


45.62 


1.6 


20ql3.l2-ql3.l3 


46.45 


49.43 


3.0 


20ql 3.2-^13.32 


51J2 


59.12 


7.8 



CGH were validated,^ Iq21, 17ql2-q21.2, 17q22^q23, 20cj. 13 1 
and 20ql3.2 regions being most commonly amplified Fnrther^jote! 
the boundaries of these amplicons were precisely delineated. Xt* ad- 
dition, novel amplicons were identified at 9pl3 (38^5-39^5 X4M 
and 17q21 J (52.47-55.80 Mb). 

Direct Identification of Putative Amplification Target G^nes. 
The cDNA/CGH microarray technique enables me direct cojrreia- 
tion of copy number and expression data on a gene-by-gene basis 
throughout the genome. We directly annotated high-resol-ution 
CGH plots with gene expression data using color coding. Fig^ 2C 
shows thai most of the amplified genes in the MCF-7 breast cancer 
cell line at lp!3, 17q22-q23, and 20ql3 were highly ovorex- 
pressed. A view of chromosome 7 in the MDA-468 cell line 
implicates EGFR as the most highly overexpressed and amplified 
gene at 7pl I-pl2 (Fig. 34). In BT-474, the two known amplicons 
at I7q!2 and I7q22-q23 contained numerous highly ov-^rcx- 
presscd genes (Fig. 3tf). In addition, several genes, including, the 
homeobox genes HOXB2 and HOXB7, were highly amplified in a 
previously undescribed independent amplicon at I7q2I J. HOJCB7 
was systematically amplified (as validated by FISH, Fig. IB. inset) 
as well as overexpressed (as verified by RT-PCR, data not shown) 
in BT-474, UACC812, and ZR-75-30 cells. Furthermore, this novel 



extended to include neighboring nonampHBed clones (ratio, <1.5). The am- 
plicoo size determination was partially dependent on local clone density. 

FISH. Dual-color interphase FIStt to breast cancer cell lines was done as 
described (17). Bacterial artificial chromosome clone RPl 1-361 K8 was la- 
beled with SpcctrumOrange (Vysis, Downers Grove, IL), and "Spectrum- 
Onmge-labeled probe for EGFR was obtained from Vysii. SpectnimGreen- 
labeled chromosome 7 and 17 centromere probes (Vysis) were used as a 
reference. A tissue ratcroarray containing 612 formal in-fixed, paraffin-embed- 
ded primary breast cancers (17) was applied in FISH analyses as described 
(18). The use of these specimens was approved by the Ethics Committee of the 
University of Basel and by the NIH. Specimens containing a 2-fold or higher 
increase in the number of test probe signals, as compared with corresponding 
centromere signals, in at least 10% of the tumor cells were considered to be 
amplified. Survival analysis was performed using the Kaplan-Meier method 
and the log -rank test. 

FT-PCR. The HOXB7 expression level was determined relative to 
GAPDH. Reverse transcription and PC R amplification were performed, using 
Access RT-PCR System (Pro mega Corp., Madison. Wl) with 10 ng of mRNA 
as a template. HOXB7 primers were 5 ' -O AGC AG AGOG ACTCGG ACTT-3 ' 
and 5'-GCGTCAGGTAGCGATTGTAG-3'. 

RESULTS 

Global Effect of Copy Number on Gene Expression. 13,824 
arrayed cDNA clones were applied for analysis of gene expression 
and gene copy number (CGH raicroarrays) in 14 breast cancer cell 
lines. The results illustrate a considerable influence of copy number 
on gene expression patterns. Up to 44% of the highly amplified 
transcripts (CGH ratio, >2.5) were overexpressed (i.e.. belonged to 
the global upper 7% of expression ratios), compared with only 6% for 
genes with normal copy number levels (Fig. 1A). Conversely, 10.5% 
of the transcripts with high-level expression (cDNA ratio, >I0) 
showed increased copy number (Fig. 10). Low-level copy number 
increases and decreases were also associated with similar, although 
less dramatic, outcomes on gene expression (Fig. 1). 

Identification of Distinct Breast Cancer Amplicons. Base-pair 
locations obtained for 1 1,994 cDNAs (86.8%) were used to plot copy 
number changes as a function of genomic position (Fig. 2, Supple- 
mem Fig. A). The average spacing of clones throughout the genome 
was 267 kb. This high-resolution mapping identified 24 independent 
breast cancer amplicons, spanning from 0.2 to 12 Mb of DNA (Table 
I). Several amplification sites detected previously by chromosomal 
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Fig. 3. Annotation of gene expression data on CGH ratcroanay profiles. A, genes in the 
7pl 1 -pi 2 ampticon b the MDA-468 cell lioc are highly expressed {red dots) and include 
the KCFR oncogene. B. tcvrnl genes to the I7ql2. I7q2IJ. and I7q23 arapUcons io the 
BT-474 breast cancer cell line are highly overcxprcsicd (red) and betide the HOXB1 
gene. The data labcb and color coding arc as indicated for fig. 2C hsctt show 
chTOtnosoiru! CGH fro files for the corresponding chromosomes and validation of the 
increased copy number by interphase FISH using EGFR {red) and chromosome 7 
centromere probe (grwi) to MDA-468 {A) and tfO^-spccific probe (red) and chro- 
mosome 17 centromere {green) to BT-474 cell* {By 
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Rg 4. List of SO genes with a statistically 
significant conflation, (a value <0.05) between 
gene copy number and gene expression. Name, 
chromosomal location, and the a value for each 
gem are indicated. The gene* have been oidered 
accord to thdr poikkm in the genome Tbc cxrfw 
map* on the right Ofosmte the copy number and 
. expression otto pattens la the M c*R lines. The 
key to the color code is shown at the bottom of the 
graph. Grey loearer. missing values. The complete 
list of 270 genes « shown in supplemental Ftg. B. 
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amplification was validated to be present in 10.2% of 363 primary 
breast cancers by FISH to a tissue microarray and was associated 
with poor prognosis of the patients (P = 0X01). 

Statistical Identification and Characterization of 270 Highly 
Expressed Genes in Amplicons. Statistical comparison of expres- 
sion levels of all genes as a function of gene amplification identified 
270 genes whose expression was significantly influenced by copy 
number across all 14 cell lines (Fig. 4, Supplemental Fig. B). Accord- 
ing to tbc gene ontology data, 8 91 of the 270 genes represented 
hypothetical proteins or genes with no functional annotation, whereas 
179 had associated functional information available. Of these, 151 
(84%) are implicated in apoptosis, cell proliferation, signal transduc- 
tion, and transcription, whereas 28 (16%) had functional annotations 
that could not be directly linked with cancer. 



* Internet addiesv hupyAvww.gerooatotogy.ortf. 



DISCUSSION 

The importance of recurrent gene and chromosome copy number 
changes in the development and progression of solid tumors has been 
characterized in > 1000 publications applying CGH* (9, 10), as well 
as in a large number of other molecular cytogenetic, cytogenetic, and 
molecular genetic studies. The effects of these somatic genetic 
changes on gene expression levels have remained largely unknown, 
although a few studies have explored gene expression changes occur- 
ring in specific amplicons (15, 19-21). Here, we applied genome- 
wide cDNA microarrays to identify transcripts whose expression 
changes were attributable to underlying gene copy number alterations 
in breast cancer. 

The overall impact of copy number on gene expression patterns was 
substantial with the most dramatic effects seen in the case of high- 



0 Imemct address: http //www. ncbi.ntmj1ib.gov/en11r2. 
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™£ «W™«nber gains and losses between «am amplification and poor patient prognosis. O^-j. 
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W affected, but these effects were more subtle on a gene^y-gene gene amplification provides a powerful amJLh J S,^ 



, *» . — '~ — — ~- »»w v* gvuca m uic 

tegKMB affected, but these effects were more subtle on a gene-by-geue 
basis (ban those of high-level amplifications. However, the impact of 
low-level gains on the deregulation of gene expression patterns In 
cancer may be equally important if not more important man that of 
high-level amplifications. Aneuploidy and low-level gains and losses 
of chromosomal arms represent the most common types of genetic 
alterations in breast and other cancers and, therefore, have an influ- 
ence on many genes. Our results in breast cancer extend the recent 
studies on the impact of aneuploidy on global gene expression pat- 
terns in yeast cells, acute myeloid leukemia, and a prostate cancer 
model system (22-24). 

The COH roicroanay analysis identified 24 independent breast 
cancer amp] icons. We defined the precise boundaries for many am- 
plicons detected previously by chromosomal CGH (9, 10, 25, 26) and 
also discovered novel amplicons that had not been detected previ- 
ously, presumably because of their small size (only 1-2 Mb) or close 
proximity to other larger amplicons. One of these novel amplicons 
involved the bomeobox gene region at 17q2l J and led to the over- 
expression of the HOXB7 and HOXB2 genes. The homeodomain 
Inscription (actors are known to be key regulators of embryonic 
development and have been occasionally reported to undergo aberrant 
expression in cancer (27, 28). HOXB7 transfection induced cell pro- 
liferation in melanoma, breast, and ovarian cancer cells and increased 
twnorigenfeity and angiogencsis in breast cancer (29-32). The pres- 
ent results imply that gene amplification may be a prominent mech- 
anism for overexpressing HOXB7 in breast cancer and suggest that 
HOXB7 contributes to tumor progression and confers an aggressive 
disease phenotype in breast cancer. This view is supported by our 
finding of amplification of HOXB7 in 10% of 363 primary breast 
cancers, as well as an association of amplification with poor prognosis 
of the patients. 

We carried out a systematic search to identify genes whose 
expression levels across all 14 ceil lines were attributable to 
amplification status. Statistical analysis revealed 270 such genes 
(representing -2% of all genes on the array), including not only 
previously described amplified genes, such as HER-2, AfYC, 
EGFR, ribosomal protein s6 kinase, and^/fli, but also numerous 
novel genes such as WUS-related gene (lpl3), syndecan-2 (8q22) 
and bone morphogenic protein (20qi3.1), whose activation by 
amplification may similarly promote breast cancer progression. 
Most of the 270 genes have not been implicated previously in 
breast cancer development and suggest novel pathogenetic mech- 
anisms. Although we would not expect all of them to be causally 
involved, it is intriguing that 84% of the genes with associated 
functional information were implicated in apoptosis, cell prolifer- 
ation, signal transduction, transcription, or other cellular processes 
that could directly imply a possible role in cancer progression. 
Therefore, a detailed characterization of these genes may provide 
biological insights to breast cancer progression and might lead to 
the development of novel therapeutic strategies. 

In summary, we demonstrate application of cDNA raicroarrays 
to the analysis of both copy number and expression levels of over 
I2 ? (X)0 transcripts throughout the breast cancer genome, roughly 
once every 267 kb. This analysis provided: (a) evidence of a 
prominent global influence of copy number changes on tjene 
expression levels; (6) a high -resolution map of 24 independent 
amplicons in breast cancer; and (c) identification of a set of 270 
genes, the overexpression of which was statistically attributable to 
gene amplification. Characterization of a novel ampticon at 
17q2l.3 implicated amplification and overexpression of the 
HOXB7 gene, in breast cancer, including a clinical association 



gene amplification provides a powerful approach to Mgl^ligiit 
genes with an important role in cancer as well as to prioritize- and 
validate putative targets for therapy development. 
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Microarray analysis reveals a major direct role of 
DNA copy number alteration in the transcriptional 
program of human breast tumors 
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Genomic DNA copy number alterations are key genetic events in 
the development and progression of human cancers. Here we 
report a genome-wide microarray comparative genomic hybrid- 
ization (array CGH) analysis of DNA copy number variation in 
a series of primary human breast tumors. We have profiled DNA 
copy number alteration across 6,691 mapped human genes, in 44 . 
predominantly advanced, primary breast tumors and 10 breast 
cancer cell lines. While the overall patterns of DNA amplification 
and deletion corroborate previous cytogenetic studies, the high- 
resolution (gene-by-gene) mapping of amplicon boundaries and 
the quantitative analysis of amplicon shape provide significant 
Improvement in the localization of candidate oncogenes. Parallel 
microarray measurements of mRNA levels reveal the remarkable 
degree to which variation in gene copy number contributes to 
variation In gene expression In tumor cells. Specifically, we find 
that 62% of highly amplified genes show moderately or highly 
elevated expression, that DNA copy number. Influences gene ex- 
pression across a wide range of DNA copy number alterations 
(deletion, low-, mid- and high-level amplification), that on average, 
a 2-fold change In DNA copy number is associated with a corre- 
sponding 1.5-fold change in mRNA levels, and that overall, at least 
12% of all the variation In gene expression among the breast 
tumors is directly attributable to underlying variation in gene copy 
number. These findings provide evidence that widespread DNA 
copy number alteration can lead directly to global deregulation of 
gene expression, which may contribute to the development or 
progression of cancer. 

Conventional cytogenetic techniques, including comparative 
genomic hybridization (CGH) (1), have led to the identifi- 
cation of a number of recurrent regions of DNA copy number 
alteration in breast cancer cell lines and tumors (2-4). While 
some of these regions contain known or candidate oncogenes 
[eg., FGFRl (8pll), MYC (8q24), CCND1 (Uql3), ERBB2 
(I7ql2), and ZNF217 (20ql3)J and tumor suppressor genes 
[RBI (13ql4) and TP53 (17pl3)], the relevant gene (s) within 
other regions (e.g., gain of lq, 8q22, and I7q22-24 t and loss of 
8p) remain to be identified A high -resolution genome-wide 
map, delineating the boundaries of DNA copy number alter- 
ations in tumors, should facilitate the localization and identifi- 
cation of oncogenes and tumor suppressor genes in breast 
cancer. In this study, we have created such a map, using 
array-based CGH (5-7) to profile DNA copy number alteration 
in a series of breast cancer cell lines and primary tumors. 

An unresolved question is the extent to which the widespread 
DNA copy number changes that we and others have identified 
in breast tumors alter expression of genes within involved 
regions. Because wc had measured mRNA levels in parallel in 
the same samples (8), using the same DNA microarrays, we had 
an opportunity to explore on a genomic scale the relationship 
between DNA copy number changes and gene expression. From 



this analysis, we have identified a significant impact of wide- 
spread DNA copy number alteration on the transcriptional 
programs of breast tumors. 

Materials and Methods 

Tumors and Celt lines. Primary breast tumors were predominantly 
large (>3 cm), intermediate-grade, infiltrating ductal carcino- 
mas, with more than 50% being lymph node positive. The 
fraction of tumor cells within specimens averaged at least 50%. 
Details of individual tumors have been published (8, 9), and 
are summarized in Table 1, which is published as supporting 
information on the PN AS web site, www.pnas.org. Breast cancer 
cell lines were obtained from the American Type Culture 
Collection. Genomic DNA was isolated either using Qtagen 
genomic DNA columns, or by phenol /chloroform extraction 
followed by ethanol precipitation. 

DNA Labeling and Mkroarray Hybridizations. Genomic DNA label- 
ing and hybridizations were performed essentially as described 
in Pollack et a!. (7). with slight modifications. Two micrograms 
of DNA was labeled in a total volume of 50 microliters and the 
volumes of all reagents were adjusted accordingly. "Test" DNA 
(from tumors and ceil lines) was f luorescentiy labeled (Cy5) and 
hybridized to a human cDNA microarray containing 6,691 
different mapped human genes (i.e., UniGene clusters). The 
"reference** (labeled with Cy3) for each hybridization was nor- 
mal female leukocyte DNA from a single donor. The fabrication 
of cDNA microarrays and the labeling and hybridization of 
mRNA samples have been described (8). 

Oata Analysis and Map Positions. Hybridized arrays were scanned 
on a GenePix scanner (Axon Instruments, Foster City, CA), and 
fluorescence ratios (test/reference) calculated using SCANALYZE 
software (available at http://rana.lbl.gov). Fluorescence ratios 
were normalized for each array by setting the average log 
fluorescence Tatio for all array elements equal to 0. Measure- 
ments with fluorescence intensities more than 20% above back- 
ground were considered reliable. DNA copy number profiles 
that deviated significantly from background ratios measured in 
normal genomic DNA control hybridizations were interpreted as 
evidence of real DNA copy number alteration (see Estimating 
Significance of Ahered Fluorescence Ratios In the supporting 
information). When indicated, DNA copy number profiles are 
displayed as a moving average (symmetric 5 -nearest neighbors). 
Map positions for arrayed human cDNAs were assigned by 
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identifying the starting position of the best and longest match of 
any DNA sequence represented in the corresponding UniGcnc 

?S/ (10) agaimt the ; 4,Gold ^ Path" genome assembly 
(http://genome.ucsc.edu/; Oct 7, 2000 Freeze). For UniGcne 
clusters represented by multiple arrayed elements, mean fluo- 
rescence ratios (for all elements representing the same UniGene 
cluster) are reported. For rnRNA measurements, fluorescence 
ratios are "me angered" (i.e., reported relative to the mean 
ratio across the 44 tumor samples). The data set described here 
can be accessed in its entirety m the supporting information. 

Results 

We performed CGM on 44 predominantly locally advanced 
primary breast tumors and 10 breast cancer cell lines, using 
cDNA rnicroarrays containing 6,691 different mapped human 
genes (Fig. la; also see Materials and Methods for details of 
microarray hybridizations). To take full advantage of the im- 
proved spatial resolution of array CCH, we ordered (f luores- 

Tl* E**/ 0r) U,C 6 ' 691 CDNAS wording to the "Golden 
rath (http://genomc.ucsc.edu/) genome assembly of the draft 
human genome sequences (11). [ n so doing, arrayed cDNAs not 
only themselves represent genes of potential interest (eg. 
candidate oncogenes within amplicons), but also provide precise* 
genetic landmarks for chromosomal regions of amplification and 
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deletion. Parallel analysis of DNA from cell lines containing 
dif ferent numbers of X clirpmosomes (Fig. 16), as we did before 
(7). demonstrated the sensitivity of our method to detect single- 
copy loss (45, XO), and 15- (47,XXX), 2- (48.XXXX), or 
2.5-fold (49>XXXXX) gains (also sec Fig. 5, which is publfched 
as supporting information on the PNAS web site). Fluorescence 
ratios were li nearly proportional to copy number ratios, which 
were slightly underestimated, in agreement with previous ob- 
servations (7). Numerous DNA copy number alterations were 
evident in both the breast cancer cell lines and primary tumors 
(Fig. la), detected in the tumors despite the presence of euploid 
non-tumor cell types; the magnitudes of the observed changes 
were generally lower In the tumor samples. DNA copy-number 
alterations were found in every cancer cell line and tumor, and 
on every human chromosome in at least one sample. Recurrent 
regions of DNA copy number gain and loss were readily iden- 
tifiable. For examplc gains within lq, 8q, I7q, and 20q were 
?^ S ^ d ' n 8 h,gh P ro P° rti °n of breast cancer cell lines/tumors 
(90%/69%, IO0%/47%, 100%/60%, and 90%/44%, respectrve- 
ry), as were losses within lp, 3 p? 8p, and 13q (80%/24% 
80%/22%, 80%/22%, and 70%/18%, res r* en very), consistent' 
with published cytogenetic studies (refs. 2-4; a complete listing 
of gams/losses is provided In Tables 2 and 3, which are published 
as supporting information on the PNAS web site). The total 
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number of genomic alterations (gains and losses) was found to 
be significantly higher in breast tumors that were high grade (P = 
0.008), consistent with published CGH data (3), estrogen recep- 
tor negative (P = 0.04), and harboring TP53 mutations (P = 
0.0006) (see Table 4, which is published as supporting informa- 
Hon 00 the PNAS web site). 

The improved spatial resolution of our array CGH analysis is 
illustrated for chromosome 8, which displayed extensive DNA 
copy number alteration in our series. A detailed view of the 
variation in the copy number of 241 genes mapping to chromo- 
some 8 revealed multiple regions of recurrent amplification; 
each of these potentially harbors a different known or previously 
uncharacterized oncogene (Fig. 2a). The complexity of amplicdn 
structure is most easily appreciated in the breast cancer cell line 
SKBR3. Although a conventional CGH analysis of 8q in SKBR3 
identified only two distinct regions of amplification (12), we 
observed three distinct regions of high-level amplification (la- 
beled 1-3 in Fig. 26). For each of these regions we can define the 



boundaries of the interval recurrently amplified in the tumors we 
examined; in each case, known or plausible candidate oncogenes 
can be identified (a description of these regions, as well as the 
recurrently amplified regions on chromosomes 17 and 20, can be 
found in Figs. 6 and 7, which are published as supportine 
information on the PNAS web site). 

For a subset of breast cancer cell lines and tumors (4 and 37 
respectively), and a subset of arrayed genes (6,095), mRNA 
levels were quantitatively measured in parallel by using cDNA 
microarrays (8). The parallel assessment of mRNA levels is 
useful in the interpretation of DNA copy number changes. For 
example, the highly amplified genes that are also highly ex- 
pressed are the strongest candidate oncogenes within an ampli- 
con. Perhaps more significantly, our parallel anarysis of DNA 
copy number changes and mRNA levels provides us the oppor- 
tunity to assess the global impact of widespread DNA copy 
number alteration on gene expression in tumor cells. 

A strong influence of DNA copy number on gene expression 
is evident m an examination of the pseudocolor representations 
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of DNA copy number and mRNA levels for genes on chromo- 
some 17 (Fig. 3). The overall patterns of gene amplification and 
elevated gene expression are quite concordant; Lc, a significant 
fraction of highly amplified genes appear to be correspondingly 
highly expressed. The concordance between high-level amplifi- 
cation and increased gene expression is not restricted to chro- 
mosome 17. Genome-wide, of 117 high-level DNA amplifica- 
tions (fluorescence ratios >4, and representing 91 different 
genes) i, 62% (representing 54 different genes; see Table 5, which 
is published as supporting information on the PNAS web site) 
arc found associated with at least moderately elevated mRNA 
levels (mean-centered fluorescence ratios >2), and 42% (rep- 
resenting 36 different genes) arc found associated with compa- 
rably highly elevated mRNA levels (mean -centered fluorescence 
ratios >4). 

To determine the extent to which DNA deletion and lower- 
level amplification (in addition to high-level amplification) are 
also associated with corresponding alterations in mRNA levels 
we performed three separate analyses on the complete data set 
(4 cell lines and 37 tumors, across 6,095 genes). First, we 
determined the average mRNA levels for each of five classes 
of genes, representing DNA deletion, no change, and low- 
medium-, and high-level amplification (Fig. 4a). For both the 
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breast cancer cell lines and tumors, average mRNA levels 
tracked with DNA copy number across all five classes, in a 
statistically significant fashion (P values for pair-wise Student's 
ftesU comparing adjacent classes: cell lines, 4 x 10^,1 x 10~ 4 * 
5 X 10~ 5 , 1 X 10- \ tumors, t X 10"<\ 1 X 10- 2, \ 5 X 
1 x 10 /*). A linear regression of the average log (DNA copy 
number), for each class, against average log(mRNA level) 
demonstrated that on average, a 2-fold change in DNA copy 
number was accompanied by 1,4- and 1.5 -fold changes in mRNA - 
level for the breast cancer cell lines and tumors, respectively (Ftg. 
4a, regression line not shown). Second, we characterized the 
distribution of the 6,095 correlations between DNA copy num- 
ber and mRNA level, each across the 37 tumor samples (Fig. 4b). 
The distribution of correlations forms a normal-shaped curve 
but with the peak markedly shifted in the positive direction from 
zero. This shift is statistically significant, as evidenced In a plot 
of observed vs. expected correlations (Fig. 4c), and reflects a 
pervasive global influence of DNA copy number alterations on 
gene expression. Notably, the highest correlations between DNA 
copy number and mRNA level (the right tail of the distribution 
in Fig. 4*) comprise both amplified and deleted genes (data not 
shown). Third, we used a linear regression model to estimate the 
fraction of all variation measured in mRNA levels among the 37 



Pollack et «/. 



a 



a 



«Q4 OJ-I* t>*.0 tHO ><• 





a ,. 




0.4 o 
05 5 



Mentfytfbacfcgmimd cutoff 

-"-entT^ - - ™p te , bb * X both 



tumors that could be attributed to underlying variation in DNA 
copy number. From this analysis, we estimate thai, overall, about 
IVo of all of the observed variation in raRNA levels can be 
explained directly by variation in copy number of the altered 
genes (Fig. Ad), We can reduce the effects of experimental 
measurement error on this estimate by using only that fraction 
of the data most reliably measured (fluorescence Intensity/ 
background >3); using that data, our estimate of the percent 
variation in raRNA levels directly attributed to variation in gene 
copy number increases to 12% (Fig. 4<J). This still undoubtedly 
represents a significant underestimate, as the observed variation 
in global gene expression is affected not only by true variation in 
the expression programs of the tumor cells themselves, but also 
by the variable presence of non-tumor cell types within clinical 
samples. 

Discussion 

This genome-wide, array CGH analysis of DNA copy number 
alteration tn a series of human breast tumors demonstrates the 
usefulness of defining amplicon boundaries at high resolution 
(gene-by-gene), and quantitatively measuring amplicon shape, to 
assist in locating and identifying candidate oncogenes. By ana- 
lyzing mRNA levels in parallel, we have also discovered that 
changes in DNA copy number have a large, pervasive, direct 
effect on global gene expression patterns in both breast cancer 



ceil lines and tumors. Although the DNA microarrays used in our 
analysis may display a bias toward characterized and/or highly 
expressed genes, because we arc examining such a large fraction 
of the genome (approximately 20% of all human genes), and 
because, as detailed above, we are likely underestimating the 
contribution of DNA copy number changes to altered geoe 
expression, we believe our findings arc likely to be generalizable 
(but would nevertheless stiU be remarkable if only applicable to 
this set of -6,100 genes). 

In budding yeast, aneuploldy has been shown to result in 
chromosome-wide gene expression biases (13). Two recent 
studies have begun to examine the global relationship between 
DNA copy number and gene expression in cancer cells. In 
agreement with bur findings, Phillips et oL (]4) have shown that 
with the acquisition of tumorigenicity in an immortalized pros- 
tate epithelial cell line, new chromosomal gains and losses 
resulted in a statistically significant respective increase and 
decrease in the average expression level of involved genes In 
contrast, Plafzer ct al (15) recently reported that in metastatic 
colon tumors only -4% of genes within amplified regions were 
found more highly (>2 fold) expressed, when compared with 
normal colonic epithelium. This report differs substantially from 
our finding that 62% of highly amplified genes in breast cancer 
exhibit at least 2-fold increased expression. These contrasting 
findings may reflect methodological differences between the 
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studies. For example, the study of Plateer et aL (15) may have 
systematically under-measured gene expression changes. In this 
regard it is remarkable that only 14 transcripts of many thousand 
residing within unampflfied chromosomal regions were found to 
exhibit at least 4-fold altered expression in metastatic colon 
cancer. Additionally, their reliance on lower-resolution chromo- 
somal CGH may have resulted ra poorly delimiting the bound- 
aries of high-complexity amplicons, effectively overtoiling re- 
gions with amplification. Alternatively, the contrasting fmdings 
for amplified genes may. represent real biological differences 
between breast and metastatic colon tumors; resolution of this 
issue will require further studies. 

Our finding that widespread DNA copy number alteration has 
a large, pervasive and direct effect on global gene expression 
patterns in breast cancer has several important implications. 
First, this finding supports a high degree of copy number- 
dependent gene expression in tumors. Second, it suggests that 
most genes are not subject to specific autoregulation or dosage 
compensation. Third, this finding cautions that elevated expres- 
sion of an amplified gene cannot alone be considered strong 
independent evidence of a candidate oncogene's role in tumor- 
igenesis. In our study, fully 62% of highly amplified genes 
demonstrated moderately or highly elevated expression. This 
highlights the importance of high-resolution mapping of ampli- 
con boundaries and shape [to identify the "driving" geoe(s) 
within amplicons (16)], on a large number of samples, In addition 
to functional studies. Fourth, this finding suggests that analyzing 
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the genomic distribution of expressed genes, even within existing 
rriicroarray gene expression data sets, may permit the inference 
of DNA cor# number aberration, particularly aneuptoidy (where 
gene expression can be averaged across large chromosomal 
regions; see Fig. 3 and supporting information). Fifth, this 
finding implies that a substantial portion of the phenotypic 
uniqueness (and by extension, the heterogeneity in clinical 
behavior) ^ among patients' tumors may be traceable to underly- 
ing variation in DNA copy number. Sixth, this finding supports 
a possible role for widespread DNA copy number alteration in 
tumorigencsis^n, 18), beyond the amplification of specific 
oncogenes. and deletion of specific tumor suppressor genes. 
Widespread DNA copy number alteration, and the concomitant 
widespread . imbalance in gene expression, might disrupt critical 
stochioroetric relationships In cell metabolism and physiology 
(e.g., proteosomc, mitotic spindle), possibly promoting further 
chromosomal instability and directly contributing to tumor 
development or progression. Finally, our findings suggest the 
possibility of cancer therapies that exploit specific or global . 
imbalances in gene expression in cancer. 
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R., Capon, D, Ward, R., and Ashkenazi. A. CD4 immunoadhesins in anti-HiV 
. therapy, new developments, bit. J. Cancer Supplement 7, 69-72 (1992). 

4. Ashkenazi,A^ Capon, and D. Ward, R. hmuunoadhesins. Int. Rev. Immunol 10, 
217-225 (199?). 

5. Ashkenazi, A., and Peraita, E. Muscarimc Receptors, hx Handbook of Receptors 
and Channels. (S. Peioutka, ed.), CRC Press, Boca Raton, Vol. I, p. Ir27, (1994). 

6. Krantz, S. B., Means, R> T„ Jr., Lina, J., Marsters, S. A., and AshkenazL A. 
Inhibition of erythroid colony formation in vitro by gamma interferon., hi 
Molecular Biology ofHematopoiesis (N. Abraham, R, Shadduck,* A. Levine F. 
Takaku, eds.) Intercept Ltd. Paris, VoL 3, p. 135-147 (1994). 

7. Ashkenazi. A. Cytokine neutralization as a potential therapeutic approach for 
" .* SIRS and shock. -J. Biotechnology in Healthcare. 1, 197*206 (1994). 

8; : Ashkenazi. A- and Chamow, S. M. Immunoadhesins: an alternative to human 
monoclonal antibodies. Immunomethods: A companion to Methods in 
Enzimology 8, 104-115 (1995). 

9. Chamow, S., and Ashkenazi. A . humunoadhesms: Principles and Applications: 
Trends Biotech. 14, 52-60 (1996). 

10. AshkenazL A., and Chamow, S. M. Immunoadhesins as research tools and 
therapeutic agents. Curr. Opin. Immunol 9, 195-200(1997). — 

1 1. Ashkenazi. A., and Dixit, V. Death receptors: signaling and modulation. Science 
28i, 1305-1308 (1998). 

12. Asbken§zL_A., and Dixit, V, Apoptosis control by death and decoy receptors. 
Curr. Opin. Cell. Biol. 11, 255-260 (1999). 



13. Ashkenazi, A. Chapters on Apo2I/TRAIL; DR4, DR5, DcRl, DcR2; and DcR3. : 
Online Cytokine Handbook (ww-apnetcom/cvtoldnkeferenceA . 

14. Ashkenazi, A. Targeting dealh and decoy receptors of the tumor necrosis factor 
superfamily. JVater6 Rev. Cancer 2, 420-430 (2002).. 

15. Le^lanc, H. and Ashkenazi. A. Apoptosis signaling by Apo2I/mAIL. Cell Death 
dnd.Dtferentiation 10, $6-75 (2003). 

16. Ahnasan, A. and Ashkenazi. A. Apo2I/IRAIL: apoptosis signaling, biology, and 
potential foroancer therapy. Cytokine and Growth Factor Reviews i4, 337-348 
(2003). 

Book:"' 

Antibody Fusion Proteins (Chainow, S., and Ashkenazi. A- eds., John Wiley and 
Sons Inc.) (1999). 

"Talks:-. '. 

1. Resistance of primary HIV isolates to CD4 is independent of CD4-gpl20 binding 
affinity. UCSD Symposium, HJV Disease: Pathogenesis and Therapy. 
Greenelefe, FL, March 1991. 

2. Use of inmiuno-hybrids to extend the half-life of receptors. B3C. conference on 
BiopharmaceuticalHalflife Extension. New Orleans, LA, June 1992. 

3. Results wifh.TNF receptor Immunoadhesins for the Treatment of Sepsis. IBC 
- " conference on Esdotoxemia and Sepsis. Philadelphia, PA,''June-1992-. 

4. Immunoadhesins: an alternative to human antibodies. IBC conference on 
Antibody Engmeering. San Diego, CA, December 1993. 

5. Tumor necrosis factor receptor: a potential therapeutic for human septic shock, 
American Society for Microbiology Meeting, Atlanta, GA, May 1993. 

6. Protective efficiacy of TNF receptor immunoadbesin vs anti-TNF monoclonal 
antibody in a rat model for endotoxic shock. 5th mtemational Congress on TNF. 
Asilomar.CA, May 1994. . . 

7. Interferon-^ signals via a multisubunit receptor complex that contains two types of 
polypeptide chain. American Association of hnmunologists Cohference. San 
Franciso, CA, July.1995. 

8. hnmunoadhesins: Principles and Applications. Gordon Research Conference on 
. Drug Delivery in Biology and Medicine. Ventura, CA, February 1996. 



in 



• • ' • . . _ •• • • • .. . . -. • ■• • 

9. Apo-2 Ligand, a new member of the TNF family that induces apoptosis in tumor 
cells. Cambridge Symposium on TNF and Related Cytokines in Treatment of 
Cancer. Hilton-Head, NC, March 1996. 

10. Induction of apoptosis by Apo2Ligand. American Society for Biochemistry and 
Molecular Biology, Symposium on Growth Factors and Cytokine Receptors. New 
Orleans,LA, June, 1996. 

.1L Apoi ligand, an extracellular trigger of apoptosis. 2nd Clontech Symposium, . 
Palo Alto, CA, October 1996. . 

12. Regulation of apoptosis by members of the TNFligand and receptor families... 
Stanford University School of Medicine;Palo Alto, CA, December 1996. 

13. Apo-3: anovel receptor that regulates cell death a,nd faflairtm ation: 4m 
mtemational Congress on Immune Consequences of Trauma, Shock, and Sepsis. 
Mumch,Gennany, March 1997.. 

14. New members of the TNF ligand and receptor families that regulate apoptosis, 
inflammation, and immunity. UCLA School of Medicine, LA, CA, March 1997. 

15. Lnmmoadhesins: an alternative to monoclonal antibodies; 5th World Conference 
on Bispecific Antibodies. Volendam, Holland, June 1997. 

16. Control of Apo2L signaling. Cold Spring Harbor Laboratory Symposium on 
Programmed Cell Death. Cold Spring Harbor, New York. September, 1997. 

17. Chairman and speaker, Apoptoris Signaling session. IBC's 4m Annual 
Conference on Apoptosis. San Diego, CA., October 1997. 

18. Control of Apo2L signaling by death and decoy receptors. American Association 
for the Advancement, of Science. Philadelphia, PA, February 1998. 

-19. Apo2>ligand and itsjEeceptors. American Society of Jmmunologists~ San 

Francisco, CA, April 1998. 
. 20. Death receptors and ligands. 7th International TNF Congress. Cape Cod, MA, 
May 1998. 

21. Apo2L as a potential therapeutic for cancer. UCLA School of Medicine. LA, 
CA June 1998. . 

22. Apo2L as a potential therapeutic for cancer. Gordon Research Conference on 
Cancer Chemotherapy. New London, NH, July 1998. 

23. Control of apoptosis by Apo2L; Endocrine Society Conference, Stevenson, WA, 
August 1998. 

24. Control of apoptosis by Apo2L. Intemational Cytokine Society Conference, 
Jerusalem, Israel, October 1998. . 
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25. Apoptosis control by death arid decoy receptors. American Association for 
Cancer Research Conference, Whistier, BC, Canada, Marfch 1999. 

26. Apoptosis control by death and decoy receptors. American Society for ! 
Biochemistry and Molecular Biology Conference, San Franciscd, CA^ May 1999/ 

27. Apoptosis control by death and decoy receptors. Gordon Research Conference on 
Apoptosis, New London, NH, June 1999. 

28; Apoptosis control by death and decoy receptors. Arthritis Foundation Research 
Conference, Alexandria GA, Aug 1999. v 

29. Safety and anti-tumor activity Of recombinant soluble Apo2L/TRAJL. Cold 

. . Spring Harbor Laboratory Symposium on Programmed Cell Death. . Cold Spring 
Harbor, NY, September 1999. 

30. The Apo2L/TRAIL system: therapeutic potential; American Association for 
'. Cancer Research, I^eTahoe,NV, Feb 2000. 

31. Apoptosis and cancer therapy. Stanford University School of Medicine, Stanford, 
CA,Mar2000; 

32. Apoptosis and cancer &erapy..University of Pennsylvania School of Medicine, 
Philadelphia, PA, Apr 2000. 

33; Apoptosis signalmg by Apo2JJTRAIL.. mternational Congress on TNF. 
Trdndheim, Norway, May 2000. 

34. The Apo2L/TRAIL system: therapeutic potential Cap-CURE summit meeting. 
Santa Monica, CA, June 2000. 

35. The Apo2LARATL system: uierapeutic potential. MD Anderson Cancer Center. 
. Houston, TX, June 2000. 

36V~ 7 Apoptosis sigiiaKngty . 
San Diego, CA, August 2000. 

37. Anti-tumor activity of Apo2L/TRAIL. AAPS annual meeting. Indianapolis, IN 
Aug 2000. 

38. Apoptosis signaling and anticancer potential of Apo2L/TRAJL. Cancer Research 
Institute, UC Sari Francisco, CA, September 2000. 

39. Apoptosis signaling by Apo2I/TRAIL. Kenote address, TNF family 
Mirri^ymposium,NnL Bethesda,MD, September 2000. 

40. Death receptors: signaling and modulation. Keystone symposium on the 
Molecular basis of cancer. Taos, NM, Jan 2001 . 

41. Preclinical studies of Apo2L/TRAJL in cancer. Symposium on Targeted therapies 
in the treatment of lung cancer. Aspen, CO, Jan 2001. 



42. Apoptosis signaling by Ap62L/TRAIL. Wiezmann Institute of Sdence, KeWot, 
Israel, March 2001.. . 

43. Apo2L/TRAIL: Apoptosis signaling and potential for cancer therapy. Weizmann 
Institute of Science, Rehovot, Israel, March 2001. .. 

44.. Targeting death receptors in cancer with Apo2L/TRAIL. Cell Death and Disease 
conference, North Falmouth, MA, Jun 2001 . . 

45. Targeting death receptors in cancer with Apo2I/IRAII* Biotechnology 
Organization conference, San Diego, CA, Jun 20011 

46. Apo2L/TRAIL signaling and apoptosis resistance mechanisms. Gordon Research 
Conference on Apoptosis, Oxford, UK, July 2001 . 

47. Apo2L/TRAIL signaling and apoptosis resistance mechanisms. Cleveland Clinic 
Foundation, Cleveland, OH, Oct 2001. r . 

48. Apoptosis signaling by death receptors: overview. International Society for 
mterferon and Cytokine Research conference, Cneveland, OH, Oct 2001. ' 

49. Apoptosis signaling by death receptors. American Society of Nephrology 
Conference. San Francisco, CA, Oct 2001. 

50. Targeting death receptors in cancer. Apoptosis: commercial opportunities. San 
piegc.CA, Apr 2002. 

51. Apo2lARAIL signaling and apoptosis resistance mechanisms. KimmelCancer 
^Research Center, Johns Hopkins University, Baltimore MD. May 2002. 

52. Apoptosis control by Apo2L/TRAIL. (Keynote Address) University of Alabama 
Cancer Center Retreat, Birmingham, Ab Prtober 2002. • 

53. Apoptosis signaling by Apo2L/TRAIL. (Session co-<te)TNFmternational 
"** c<mfererice.43an Diego, CA*October 2002. ■* * » " 

54. Apoptosis rignalingbyAp62I/IRAIL. Swiss Institute for Cancer Research 
(ISREC). Lausanne, Swizerland. Jan 2003. 

55. Apoptosis induction with Apo2L/TRAIL. (inference on New Targets and 
Innovative Strategies in Cancer. Treatment Monte Carlo. February 2003. 

56. Apoptosis signaling by Apo2I/IRAIL. Hermelin Brain Tumor Center 
Symposium on Apoptosis. Detroit, ML April 2003. 

57. Targeting apoptosis through death [receptors. Sixth Annual Conference on 
Targeted Therapies in the Treatment of Breast Cancer. Kona, Hawaii. July 2003. 

58: Targeting apoptosis through death receptors. Second International Conference on 
Targeted Cancer Therapy. Washington, DC. Aug 2003. 

Issued Patents: 



1. Ashkenazi, A., Chamow, S. and Kogan, T. C^ohydiate-directed oosslinking ' 
reagents, US patent 5,329,028 (Jul 12, 1994). 

2. Ashkenazi, A., Chamow, Si and Kogan, T. C^hydrate*Krected ciosslinking 
reagents. US patent 5,605,791 (Feb 25, 1997). v - 

3. Ashkenazi, A., Chamow, S. and Kogan, t. Carbohydrate-dkected crosslinldng 
reagents. US patent 5,889,155 (Jul 27, 1999V 

4; Ashkenazi, A, APO-2 Iigand. US patent 6^030,945 (Feb 29, 2000). 
5; Ashkenazi, A., Chuntharapai, A-, Kim, J., APO-2 ligand antibodies. US patent 6, 
046, 048 (Apr 4, 2000). 

6. Ashkenazi, A, Chamow, S. and Kogan, T. Caibqhydrate>directed crosshnking 
reagents. US patent 6,124,435 (Sep 26, 2000). 

7. Ashkenazi, A., Chuntharapai, A., Kim, J., Method for making monoclonal and cross- 
reactive antibodies. US patent 6,252,050 (Jun 26, 2001). 

8. Ashkenazi; A. APO-2 Receptor. US patent 6,342,3^9 ( Jan 29, 2002). 

9.. Ashkenazi, A. Fong, S., Goddard, Al, Gumey, A., Napier, M„ Tumas, D., Wood, W. 
r A -33 polypeptides, US 'patent 6,410,708 (Jim 25, 2002). 

10. Ashkenazj, A. APO-3 Receptor. US patent. 6,462,176 Bl (Oct 8, 2002> 

11. Ashkenazi, A. APO-2LI and APO-3 polypeptide antibodies. US patent 6,469,144 Bl 
W 22, 2002). 

12. Ashkenazii A., Chamow, S. and Kogan, T. Carbohydrate-directed ctosslinking 
reagents. US patent 6,582,928B1 (Jun 24, 2003). 
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Each veau, over B82,O0O women in the Unite&States are 
diagnosed, with breasT cancer, art approximately 45,000 die 
of the disease.' Incidence appears to be increasing in |he 
Unfced Stales at a rale of roughly 2% per yea*, the reasons 
far the mcrease aire unclear bat non-genetic ^ ^ ^ sppQBX 
to ploy o large ro&e.* 

five-year survival rates range from approxmrotely 65%- 
85%, depending on demographic group/with si significant 
percentage of women expetfencmg recurrence of meir cancer 
within 10 yeans of diagnosis. One of the factors most predic- 
flive for reciirxence once o diagnosis of breast cancer has been 
made Is the number of axillary lymph nodes to which tumor 
has metastasized. Most noderpositiye women are given adju- 
vant therapy, which increases their survival. However, 
30% of patients without axillary node involvement also 
develop recurrent disease, and the difficulty hes in Ihow to iden- 
tity this high-risK subset of patients. These patients could 
benefit from increased surveillance, early intervention, arid 
treatment. ■ . 

Prognostic markers currently used in breast cancer recur- 
rence prediction include tumor size, histological grade, steroid 
hormone receptor status. DNApioidy, proliferative index, and 
cathepsln D status. Expression of growth fcctor receptors and 
over-expression of the HER-2/neu oncogene have also been 
identified as having value regarding treatment regimen and 
prognosis. 

HER^neu (also known as *erbB2) is an oncogene that 
encodes a transmembrane glycoprotein that is homologous 
to, but distinct from, the epidermal growth factor receptor 
Numerous studies have indicated that high levels of expres- 
sion of this protein are associated with rapid tumor growth, 
certain forms of therapy resistance, and shorter disease-free 
survival. The gene has been shown to be amplified and/or 
overexpressed in 10%-30% of invasive breast cancers and in 
40%-60% of intraductal breast carcinoma.5 
utP^ ^ - Stl0Ct ^-Wroved methods by which 
. U ? tat?w wn be cva, «ated: immunobistochemistry 
0HC, Hert*pTest™) andFISH (fluorescent in sity hybridfca. 
"on, PathVyslon™ Kit). Both methods can be performed on 
archived and current specimens, the first method aBows visual 
assessment of the amount of HER-2/neu protein present on 
the cell membrane. The latter method allows direct quantifi- 
cauon of the level of gene ampUfication present in the tumor, 
enabling differentiation between low- versus high-ampJifica- 
tidh. At least one study has demonstrated a difference In 



recurrence risk m women younger (ban 40 years oT Qse fa, 

W-S* iom&£* to 
85.7%); this is compared to q recurrence rate of J <S.7% far 
patients wfth no HER-2teea gene asiplificattai.* HE^.2ta 
ctanj^rriayWpamailarry irrrportantto estabH& m vmr^env&h 
small (3 1 cm) tumoir size, * . 

The.choice of roeifccdology for deterrninatioea olT l$8BC~2f 
neu status ^depends in. part on tboclimcalsetang.n>A s^ova! 
fox the Vysfe FISH test was granted based on drafa^Tte&fe 
irrvorvina 1549 expositive patients. Patients nc**wd«£ 
of three different treatments consisting of different dioses of 
'cyclopjrospharniaX Adriamycin, and 5-fltoc^uracDj (CAP) 
The study showed that patients with amplified HEIfc-tfnsai 
benefited from treatment with higher doses of jodriaimycin- 
based therapy, while those with normal HBR-2/neu levels dkfi 
not The study, therefore identified, a sub-set of wom<sn, who 
because mey did not benefit from more aggressive treatment, 
did not need to be exposed to the associated. side efiffecta 'M 
addition, other evidence indicates that HEIWmeu sinpIiJicQ-- 
Hon ii) node-negative patients can be used as an mtSe^erafeat 
prognostic mdicator for eafly recurrence, recurrent dfoeass at 
any time and disease-related death.* Demonstration ©fHBR^ 
2/neu gene amplification by FISH has also been shown to be 
of va lue in predicting response to chemotherapy fan siage-2 
breast cancer patients. • . 

Selection of patients for HerceptbV 6 flrastuzumab) morio- 
cloitelai^body therapy, however, is based upon detnrauBo,.. 
non ofHER-2/neo prciein overexpression using HexcepTest^ 
Studies using Herceptin© in patients with metastatic breast 
cancer show an increase m time to disease progression, 
increased response rate to chemotherapeutSc agents and a small 
increase in overall survival rate. The FISH assays have not yet 
been approved fortius purpose, and studies loofcing'or response 
to HcrcepUn* in patients with or without gene amplication 
status determined by FISH are in progress. 

In general, FISH and IHC results correlate well. However 
subsets of tumors are found which show discordant results- 
i.e., protein overexpression without gene amplificafion or lack 
of protein overexpression with gene amplirlcation.The clini- 
cal significance of such results is unclear. Based oa the above 
cmisiderarions, HER-2/neu testing at SHMC/PAML will utiV 
ize immunohistochemistry (HercepTesr©) as a screen, fol- 
lowed by FISH in IHC-negative cases. Alternatively, dlher 
method may be ordered individually depending on the clini. 
cal setting or clinician preference. 
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HER4toeu yja IRC 
88342 (including interpretive report) 

HEK-2/dcu via FISH 
88271x2 MoleoiW cytogenetic, DNA probe, each 
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Molecular cytogenetics, interphase in situ hybrid- 

izatiorv analyze 25-99 cells 
Cytogenetics and molecular cytogenetics, interpre- 
tation am) report 



Procedural Information 

ImOQunohistochemistry is performed using the FDA-approved 
t>AKO antibody lot; Herceptest*. The DAKO kit contains 
• reagents required to complete a two-step imrnnnohiatcf 
chernital staining procedure for .routinely processed, paraffin- 
embedded specimtris..Following mcubation with the primary • 
rabbit antibody to human HER-2/neu protein, the kit employs . 
a ready- tc-use dextrBn-based visualization reagent' This re- 
agent consists of both secondary goat anti-rabbit antibody 
molecules with horseradish peroxidase molecules linked to a 
common dextran polymer baclcbone, thus elirninating the need 
for sequential application of link antibody and peroxidase 
conjugated antibody. Enzymatic conversion of the subse* . 
quentiy added chromogen results in formation of visible 
reaction product at the antigen site. The specimen is (ben cono- 
tessiained; a pathologist using light-microscopy interprets . 
results. 

FISH analysis at SHMC/PAML is performed using the 
FDA-approved PathVysion™ HER-2/neu DNA probe kit, pro- 
duced by Vysisylnc Formalin fixed, paraffin-embedded breast 
tissue is processed using tontine histological methods, and then 
slides are treated to allow hybridization of DNA probes to the 
nuclei present m the tissue section. The Pathvysion™ kit con- 
tains two direct-labeled DNA probes, one specific for the 
alphoid repetitive DNA (CEP 1 7, .spectrum orange) present at 
the chromosome-^centBDimere and the second for the HBR- 
2/neu oncogene located at I7ql 1.2-12 (spectrum green). Enu- 
meration of the probes allows a ratio of the number of copies 
of chromosome 1 7 to the number of copies of HER-2/neu to . 
be obtained; this enables quantification of low versus high 
amplifies lion levels, and allows an estimate of the percentage 
of cells with HER-2/neu gene amplification. The clinically 
relevant distinction is whether the gene amplification is due 
to increased gene copy number on the two chromosome 17 
. homologues normal ry present or an increase in the number of 
chromosome 17s in the cells. In the majority of cases, ratio 
equivalents less than 2.0 are indicative of a normal/negative 
result, ratios of 2.1 and over indicate that amplification is 
present and to what degree. I nterpretation of this data will be 
performed and reported from the Vysis-certiried Cytogenet- 
ics laboratory at SHMC. 



Statistics*, 1095^5:1*4). 
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- The MAILING DATE of this communication appears on the cover sheet with the correspondence address- 



This application is abandoned in view of: 

1 . Applicant's failure to timely file a proper reply to the Office letter mailed on 25 June 2004 . 

(a) □ A reply was received on (with a Certificate of Mailing or Transmission dated ) t which is after the expiration of the 

period for reply (including a total extension of time of month(s)) which expired on . 

(b) □ A proposed reply was received on , but it does not constitute a proper reply under 37 CFR 1113 (a) to the final rejection. 

(A proper reply under 37 CFR 1.113 to a final rejection consists only of (1) a timely filed amendment which places the 
application in condition for allowance; (2) a timely filed Notice of Appeal (with appeal fee); or (3) a timely filed Request for 
Continued Examination (RCE) in compliance with 37 CFR 1.114). 

(c) □ A reply was received on but it does not constitute a proper reply, or a bona fide attempt at a proper reply, to the non- 

final rejection. See 37 CFR 1.85(a) and 1.111. (See explanation in box 7 below). 

(d) S No reply has been received. * ;. , 

2. □ Applicant's failure to timely pay the required issue fee and publication fee, if applicable, within the statutory period of three months 

from the mailing date of the Notice of Allowance (PTOL-85). 

(a) □ The issue fee and publication fee, if applicable, was received on (with a Certificate of Mailing or Transmission dated 

). which is after the expiration of the statutory period for payment of the issue fee (and publication fee) set in the Notice of 

Allowance (PTOL-85). 

(b) □ The submitted fee of $ is insufficient. A balance of $ is due. 

The issue fee required by 37 CFR 1.18 is $ . The publication fee, if required by 37 CFR 1.18(d), is $ 

(c) □ The issue fee and publication fee, if applicable, has not been received. 

3-D Applicant's failure to timely file corrected drawings as required by, and within the three-month period set in, the Notice of 
Allowability (PTO-37). 

(a) □ Proposed corrected drawings were received on (with a Certificate of Mailing or Transmission dated ), which is 

after the expiration of the period for reply. 

(b) □ No corrected drawings have been received. 



4. □ The letter of express abandonment which is signed by the attorney or agent of record, the assignee of the entire interest, or all of 

the applicants. 

5. □ The letter of express abandonment which is signed by an attorney or agent (acting in a representative capacity under 37 CFR 

1 .34(a)) upon the filing of a continuing application. 

6. □ The decision by the Board of Patent Appeals and Interference rendered on and because the period for seeking court review 

of the decision has expired and there are no allowed claims. 



7. □ The reason(s) below. 




Petitions to revive under 37 CFR 1 .1 37(a) or (b), or requests to withdraw the holding of abandonment under 37 CFR 1.181, should be promptly filed to 
minimize any negative effects on patent term. 

U.S Patent and Trademark Office ~~ — — . 

PTOL-1 432 (Rev. 04-01 ) Notice of Abandonment Part of Paper No. 1 0063581 
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